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During World War IL Eastern Industries pio- 
meered cooling systems for aircraft electronic 
systems. Now, thousands of installations later, 
and as the leader in this challenging field, 
Eastern is still pioneering. 

Experience has been a springboard to new de- 
velopments . . . compactness, simplification, re- 
frigeration cycles. Research and development 
continue to play their vital parts in perfecting 
systems to overcome the new problems as ex- 
panded aircraft performance produces fantastic 
rises in temperatures. 

If you have a challenging problem, come to the 


leader in the field for complete and creative Cae Cae 
engineering help. 


ELECTRONIC TUBE COOLING UNITS 


Custom-made units, with or without refrigeration 
cycles, provide a method of maintaining safe 
operating temperature limits in electronic equip- 
ment. Standard sub-assemblies and components 
normally are used to create a custom-made de- 
sign to fit your exact needs. Costs are minimized 
for these completely self-contained units by com- 
bining heat exchangers, fans or blowers, liquid 
pumps, reservoirs, flow switch, thermostat, and 
other common components. 


Write for Eastern AVIONICS BULLETIN 340 


PIONEER OF THE THERMAL FRONTI 


REFRIGERATION-TYPE 


100 Skiff St., Hamden 14, Conn. 
West Coast Office: 1608 Centinela Avenue - ° Inglewood 3, 
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PAGES FROM AN ENGINEER'S WORKBOOK 


AIRCRAFT NOW USING IT: 


\ VISCOUNT 810 


NORTH AMERICAN F-107 CONVAIR 880 


ym- 
— CONVAIR B-58 AND OTHERS 


md | THE SOUND ANSWERS COME FROM 


@ 
AVIATION PRODUCTS 


TO ADVANCE YOUR PROJECT’S COMPLETION DATE 


Address: Goodyear, Aviation Products Division, Akron 16, Ohio, and Los Angeles 54, California 
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Space Technology and the NACA, Fditorial........... 


The Environment of Space in Human Flight......................... 
Major Charles A. Berry, USAF (MC) 


Calculations by the Method of Characteristics............R. D. Linnell 
Intelligence Sources for Guidance.................... Arthur S. Locke 
Dymkowski 
N. Y. Andersen and L. Bogdan 


A Survey of the Radiation Stability of Hydrocarbon Fuels............. 
J. G. Carroll, R. O. Bolt, and J. A. Bert 


.Hugh L. Dryden 


A Philosophy of Air-Data Measurement. . 


carrier-based aircraft. 
Hazeltine Electronics Corporation 


twin-fin tail. 


Published Monthly by the 


TEmpleton 8-3800 
Western Office: 


FV EE W 


Cover—Grumman Aircraft Engineering Corporation will produce for 
the Navy an undisclosed number of WF-2 Tracer early-warning aircraft 
according to Grumman President Leon A. Swirbul. 
all-weather aircraft is said to have the largest radome yet designed for a 
Electronic detection equipment is supplied by 
Two pilots and two warning system 
operators make up the crew. A modified version of the WF-1 Trader, 
the Tracer differs from its predecessor in the saucer-like radome and 


Institute of the Aeronautical Sciences, Inc. 
2 East 64th Street, New York 21, N.Y. 


7660 Beverly Bivd., Los Angeles 36, Calif. 
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canopy seal regulator 


pylon tank regulator 


hi-pressure regulator 
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What’s special 


about these 


pneumatic controls? 


Janitrol pneumatic controls are special be- 
cause their reliability is proved in America’s 
newest aircraft. And behind them is a design 
team of sufficient size and experience to sup- 
ply prototypes—fast—to meet rigid specifica- 
tions, and to make production changes when 
needed. 

Multiple function actuation, pressure regu- 
lation, and air control are often integrated 
into a “package” that weighs less, takes up 
less room than individual standard controls. 

Choose from service-proved standard de- 
signs, a simple or complex modification, or 
set your own requirements. 

Three of many types on production air- 
craft: 1. Canopy seal regulator actuates me- 
chanically by canopy movement—maintains 
pressure in inflated seal, but releases instantly 
for emergency escape. Auxiliary port provided 
for other uses. 2. Pylon tank regulator with 
relief valve, maintains constant pressure for 
fuel transfer. 3. High pressure anti-icing 
valve, regulates bleed air pressure for use in 
anti-icing systems. 

Telephone or write your nearest Janitrol 
representative for a proposal on your next 
pneumatic control requirement. 

Janitrol Aircraft Division, Surface Com- 
bustion Corporation, Columbus 16, Ohio. 
District Engineering offices: Washington, 
D.C., Philadelphia, Columbus, Fort Worth, 
Hollywood. 

COMBUSTION SYSTEMS + HEAT EXCHANGERS © DUCT 


COUPLINGS AND SUPPORTS * PNEUMATIC CONTROLS 
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IAS News Notes 


March 1958 


NEW FILM LIST: The fourth annual edition of the Giannini Film List (revised) 
includes more than 100 new titles of films dealing with contemporary technical 


phases of aeronautics. Copies may be obtained free of charge by writing IAS 
National Headquarters in New York. 


Mar. 
Mar. 


Apr. 


May 


May 


June 


June 


July 
Sept. 


Oct. 7-8 


Dec. 17 
1959 


Jan. 26-29 


NATIONAL MEETINGS CALENDAR 


Flight Propulsion Meeting (Classified) Hotel Carter, Cleveland. 


1958 Nuclear Congress, International Amphitheatre, Chicago. 
IAS participating. 


Second Annual AFOSR Astronautics Symposium, Shirley-Savoy 
Hotel, Denver, Col. Sponsored by IAS, 


National Conference on Aeronautical Electronics, Dayton, Ohio. 
IRE-IAS participating. 


Midwestern Conference on Guided Missiles, Hotel Chase, St. Louis. 


National Telemetering Conference, Lord Baltimore Hotel, Balti- 
more, Md. Sponsored by IAS, ARS, ISA, and AIEE, 


1958 Heat Transfer and Fluid Mechanics Institute, University of 
California, Berkeley. Cosponsored by IAS. 


National Summer Meeting, Ambassador Hotel, Los Angeles, Calif. 


First International Congress, International Council of the Aero- 
nautical Sciences, Palace Hotel, Madrid, Spain. 


Canadian Aeronautical Institute-IAS 1958 Joint Meeting, Chateau 
Laurier, Ottawa, Canada. 


Wright Brothers Lecture, Washington, D. C. 


Twenty-Seventh Annual Meeting, Sheraton-Astor Hotel, New York. 
Honors Night Dinner, Tuesday, January 27. 


REGIONAL STUDENT CONFERENCES 


Northeastern: Stevens Institute of Technology, Hoboken, N, J. 

Southeastern: Atlanta, Georgia. Sponsored by Atlanta Section. 

St. Louis: St. Louis, Mo. Sponsored by St. Louis Section. 

Texas: Dallas, Texas. Sponsored by Texas Section. 

Middle-Atlantic: Pennsylvania State University, University Park, 
Pennsylvania. 

Detroit: University of Michigan, Ann Arbor, Michigan. Sponsored 
by Detroit Section. 

West Coast: Los Angeles, California. Sponsored by Los Angeles 


Section. 
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News Notes (Con'’t.) 


ANNOUNCE ME NT 


FIRST INTERNATIONAL CONGRESS IN THE AERONAUTICAL SCIENCES 
under the auspices of 
INTERNATIONAL COUNCIL OF THE AERONAUTICAL SCIENCES 


MADRID, SPAIN 8 - 13 September 1958 


Since the Fall of 1956 the Institute has been cooperating with many countries in the organiza- 
tion of the International Council of the Aeronautical Sciences (ICAS). A provisional organization 
has been formed under the Presidency of Theodore von Karman, with M. Maurice Roy (ONERA) 
France, as Chairman of the Executive Committee. The IAS has been designated as the permanent 
Secretariat. Financial support will derive from the Institute's Daniel and Florence Guggenheim 


Memorial Fund. 


To date 18 countries having organized technical societies are planning to participate in the 
First Congress of ICAS to be held in Madrid, Spain, 8-13 September 1958. Participation by other 
countries is anticipated. 


The program committee for the First Congress has selected approximately 40 papers for the 
tentative program below. 


Monday, September 8 --- Opening Session 
Daniel and Florence Guggenheim International Memorial Lecture ------------------- Th. von Karman 
Juan de la Cierva Lecture---------------------------------------------------- Ing. Pedro Blanco 
Tuesday, September 9 --- General Session 
Aerodynamic Design for Supersonic R. T. Jones (U.S. ) 
Telecommand and Navigation------------------------------------------- W. H. Stephens (U.K.) 


Special Session - Hypersonic Flow 


Newtonian Flow Theory in Hypersonic Aerodynamics --------------------------- W. D. Hayes (U.S.) 
Dynamics of a Dissociating Gas ------------------------------------------- M. J. Lighthill (U.K.) 
Special Session --- Structures and Aeroelasticity 

Papers by A. van der Neut (Holland); L. Broglio (Italy); R. Mazet (France); and Marten T. Landahl 
(Sweden) 
Wednesday, September 10 --- Special Session --- Heat Transfer and Heat Barrier 
Mass Transfer Cooling, A Means to Protect High Speed Aircraft ------------ E. R. G. Eckert (U.S. ) 
The Heat Barrier and its Influence on Hypersonic Aerodynamics------------ R. J. Monaghan (U.K.) 
Non Adiabatic Flow of a Gas in a Rotating Duct---------------------- Manuel de Sendasorta (Spain) 
Two papers on Heat Transfer by R. Siestrunck and J. J. Bernard (France); and E. Schmidt (Germany) 
S} al Session --- Jet Engines and Noise 


Jet Engines and Noise Papers by F. B. Greatrex (U.K.); H. S. Ribner, K. K. Neely and B. Etkin 


(Canada); William Littlewood (U.S.); and H. Le Boiteux (France) 

Special Session --- Navigation and Guidance 
Some Considerations of Safety in Instrument Flight Control--------------- A. M. A. Majendie (U.K.) 
On Dynamically Caused Drift Effects of Gyro-Systems ---------------------- K. Magnus (Germany) 


Inertial Navigationh . S. Draper (U.S.) 
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Special Session --- Boundary Layer Control 


Boundary Layer Control Papers by H. Schlichting (Germany); G. V. Lachmann (U.K.): and M. P. 
Carriere and P. Poisson-Quinton and E. A. Eichelbrenner (France) 


Thursday, September 11 --- General Session 
Aeroelastic Problems of Aircraft Construction --------------------------- H. G. Ktissner (Germany) 
A Review of Some Recent Developments in Hypersonic Flow------------------------ A. Ferri (U.S.) 
Friday, September 12 --- Special Session --- VTOL-STOL 


VTOL and STOL Airplanes Papers by J. P. Campbell (U.S.); D. Keith-Lucas (U.K.); and Mon. 
Eggers (France) 


Special Session --- Heat Resistant Materials 
Materials and Structures for Finite Lifetime------------------------------------ N. J. Hoff (U.S.) 
Problems in Heat Resistant Materials for High Speed Flight and Propulsion -------- Pol Duwez (U.S.) 
Special Session --- Human Engineering 


Papers by D. G. Simons (U.S.); G. Melville Jones (U.K.); and M. E. Evrard (Belgium) 


Special Session --- Telecommand and Telemetering 
Transmission of Data by Radio from the U.S. Satellites ------------------------ J. T. Mengel (U.S. ) 
Saturday, September 13 --- General Session 
Propulsion Methods in Astronautics ------------------------------------------- W. Bollay, (U.S.) 


INFORMATION FOR DELEGATES 
Delegates wishing to attend this meeting should apply to their own participating society for application 
forms and further information. The participating societies and organizations are listed below. 


Viajes Marsans, Carrera de San Jeronimo, 19 Madrid, Spain, will handle room reservations, and 
a special form will be sent to delegates by their society. Delegates should make their own travel ar- 
rangements. Travel Center of Manhasset, 580 Plandome Road, Manhasset, N. Y., has been appointed 
to handle travel reservations for the American delegation. 


AUSTRALIA--Australian Div. of R. Ae. S.,L. P. Coombes, Aero. Res. Lab., Box 4331, GPO, Melbourne. 

BELGIUM--Y. Hamal, A.B.1. T.A., Aerodrome de et a Melsbroek. 

CANADA--Gr. Capt. H.R. Foottit, Pres. , CAI, 801, Commonwealth Bldg. 77 Metcalfe St. Ottawa 4. 

DENMARK--Ove Guldberg, Sec'y. , Inst. of Danish Civil Engrs. , Vester Farimagsgade 29, Copenhagen V. 

FRANCE--M. J. Jarry, Pres., A.F.I,T.A., 6, Rue Cimarosa, Paris 16. 

GERMANY--Prof. Dr. H. Blenk, Pres., WGL, E.V., Braunschweig, Bohlweg, 1-2. 

ISRAEL--Dr. Josef Singer, Israel Society of Aeronautical Sciences, P. O. Box 2956, Tel-Aviv. 

ITALY--Prof. Enrico Pistolesi, Pres., Associazione Italiana di Aerotecnica, Direzione: Pisa. 

JAPAN--Dr. H. Kimura, Pres. ,J.Soc. of Aero. Engrs. , Hikokan, Tamura-cho 1-chome, Minato-ku, Tokyo. 

NEW ZEALAND--N. Z. Div. RAeS, Air Com. G.N. Roberts, Pres. , 96 Stevens Av., Parnell, Auckland C. 4. 

POLAND--Ignacy Brach, Pres., Stowarzyszenie Naukowo-Techniczne Inzynierow i Technikow 
Mechanikow Polskich, Zarzad Glowny, Warszawa, ul Czackiego 3/5. 

RUMANIA-- Prof. E. Carafoli, Rum.Sc. Assoc. of Engrs. & Tech., Str. Const. Mille 15, Bucarest. 

SPAIN--Colonel Antonio Perez-Marin, INTA, Serrano 43, Madrid. 

SWEDEN--Bo K. O. Lundberg, Dir., Aero. Research Inst. of Sweden, Ulvsunda 1, Stockholm. 

SWITZERLAND--Prof. Dr. Manfred Rauscher, Pres., ETH, Schweizerische Vereinigung ftir Flug- 
wissenschaften, Hirschengraben 22, Zlirich 1. 

TURKEY--Mr. M. Aksam, Dept. of Aero., Inst. of Civil Av., Technical Univ. of Istanbul, Istanbul. 

UNITED KINGDOM--Dr. A. M. Ballantyne, Sec'y, R.Ae.S., 4 Hamilton Place, London, W. 1. 

UNITED STATES-- §, Paul Johnston, Director, Institute of the Aeronautical Sciences, 2 East 

64th Street, New York 21. 
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MEMBERS MAY HEAR the Minta Martin Lecture, ''Combustion - An Aeronautical 
Science" by H. W. Emmons,at M,I, T. on March 10; at the University of Mary- 
land on March 17; and at California Institute of Technology on March 20. 


SECTION MEETINGS CALENDAR 


Indianapolis Section: Dinner Meeting, Mirror Room, Marott Hotel, 
(Social at 6:30, dinner at 7) ''Flying and Operational Aspects of the 
McDonnell F-101 Airplane" by D. H. Stuck. 

Hampton Roads Section: Dinner Meeting, Williamsburg Room, Langley 
AFB Officers Club. (Social at 6:30, dinner at 7:30) ''Development 
and Procurement of Naval Aviation"’ by Vice Adm. James S. Russell. 
Atlanta Section: Dinner Meeting, Hellenic Center. (Social at 6, din- 
ner at 7) ''Human Factors for Advanced Weapon Systems" by A. W. 
Hetherington. 

San Diego Section: Technical Meeting, IAS Building, 8 p.m. ''Bound- 
ary-Layer Control" by F. G. Wagner. 

Boston Section: General Meeting, M.I. T. Kresge Auditorium, 8 p.m. 
The Minta Martin Lecture by H. W. Emmons. 

Los Angeles Section: Specialist Meeting, IAS Building, 7:30 p.m. 
"Aerodynamics at Extreme Altitude" panel discussion with W. W. 
Kellogg, J. V. Charyk, and Carl Gazley. 

Seattle Section: General Meeting, Olympic Hotel, 8 p.m. ''The Fu- 
ture of Jets'' by Dan Kimball. 

Baltimore Section: Dinner Meeting, Applied Physics Lab., Howard 


County, Md., 7 p.m. CLASSIFIED, ''The Future of Missiles" by 
Simon Ramo. 


San Antonio Section: Dinner Meeting, Kelly AFB Officers Club, 6:30 
p.m. ''Beaten Paths are for Beaten Men" by Harold Vagtborg. 
Chicago Section: Dinner Meeting, Illinois Institute of Technology, 
6:30 p.m. ''Test Flying of Supersonic Aircraft" by W. J. Cochran, 
(Annual Student Meeting). 

Los Angeles Section: Dinner Meeting, IAS Building, (Social at 6, 
dinner at 7) Minta Martin Lecture by H. W. Emmons. 

Rocky Mountain Section: Dinner Meeting, The Tiffin (Writers' Manor), 
Denver, (Social at 6:30, dinner at 7:30) "Planning for Future Air 
Defense Command Weapons" by Major Kemper Baker. 

Los Angeles Section: Specialist Meeting, IAS Building, 7:30 p.m. 
"Compressible Turbulent Boundary Layer with Heat Transfer''by E. 
Reshotko. 

Kansas City Section: Dinner Meeting, TWA Lobby, Mid-Continent 
Airport, Parkville, Mo. (Registration at 6, dinner at 6:30) "Bring 
on the Jets'' by R. M. Dunn. (Also visit to TWA facility). 

Texas Section: General Meeting (with AHS), place to be announced, 
7 p.m. '"X-14 Convertiplane" by J. A. O'Malley. 

San Diego Section: Specialist Meeting, San Diego State College, 8 
p.m. "Effect of Nuclear Radiation on Organic Materials'' by R. O. 
Bolt. 


Mar. 3 
Mar. 4 
Mar. 6 
Mar. 6 
Mar. 10 
Mar. 
Mar. 12 
Mar. 13 
Mar. 14 
Mar. 19 
Mar. 20 
Mar. 20 
Mar. 25 
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: Mar. 27 
Mar. 27 
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IAS News 


A Record of People 
of Interest to Institute Members 


Annual Business Meeting 
of the Institute 


Reports of President, Treasurer, and Director 


I HE TWENTY-SIXTH ANNUAL MEETING of the members of the Institute was held 


at the Hotel Sheraton-Astor, New York, on January 29, 1958. 


President, presided. 

Elmer A. Sperry, Jr., Teller, reported 
that he had received and counted 1,643 
valid proxies for voting at the Annual 
Meeting—a quorum of the 
membership. 

Charles H. Colvin, Chairman of the 
Nominating Committee, placed in nom- 
ination the following members for elec- 
tion to vacancies on the Council: 

Edward C. Wells, Mundy I. Peale, 
Neil Burgess, Gen. B. W. Chidlaw, 
USAF (Ret.), L. Eugene Root, Horton 
Guyford Stever, and R. Dixon Speas, 
for a term of 1 year each; Preston R. 
Bassett, R. C. Blaylock, C. M. Bolster, 
L. de Florez, and William Littlewood, 
for a term of 3 yearseach; T. F. Wal- 
kowicz for a term of 2 years; and the fol- 
lowing area councilors for a term of 1 
yeareach: Eastern Area—F. N. Dicker- 
man and I. G. Ross; Central Area— 
K. L. Burroughs and G. R. Gehrkens; 
Western Area—L, T. Goodmanson and 
Earl R. Hinz. On motion duly made, 
seconded, and carried, they were unan- 
imously elected. The following were 
nominated and elected in like manner to 
serve on the Nominating Committee for 
1958: P. R. Bassett, Chairman, C. M. 
Bolster, H. L. Dryden, C. C. Furnas, 
C. J. McCarthy, Jack Parker, A. E. 
Raymond, and R. C. Sebold. 

The Annual Reports of the President, 
Treasurer, and Director were read and 
approved. (See the following pages for 
the complete reports.) 

The Secretary presented a list of 
honors conferred by the Institute in 
1957 as follows: 

The Octave Chanute Award to Lt. 
Col. Frank K. Everest, Jr., USAF, 
Armed Forces Staff College; the John 
J. Jeffries Award to Major David G. 
Simons, USAF (MC), Holloman Air 
Development Center; the Robert M. 


voting 


Mundy I. Peale, 


Losey Award to Prof. Jule G. Charney, 
Department of Meteorology, Massa- 
chusetts Institute of Technology; the 
Sylvanus A. Reed Award to Prof. 
Raymond L. Bisplinghoff, Department 
of Aeronautical Engineering, Massa- 
chusetts Institute of Technology; the 
Lawrence A. Sperry Award to Clarence 
A. Syvertson, Assistant Chief, 10 x 14 
in. Supersonic Wind Tunnel Branch, 
High Speed Research Division, Ames 
Aeronautical Laboratory, NACA; the 
Minta Martin Aeronautical Student 
Fund-National Paper Awards to: Grad- 
uate Division—Herman Mark, Cornell 
University; Undergraduate Division— 
Samuel J. Harris, III, Virginia Poly- 
technic Institute; the Water-Based 
Aviation Award to John B. Parkinson, 
Chief, Hydrodynamics Division, Lang- 
ley Memorial Laboratory, NACA; and 
the Wright Brothers Lecturer, H. Julian 
Allen, Chief, High Speed Research 
Division, Ames Aeronautical Labora- 
tory, NACA, who spoke on ‘‘Hypersonic 
Flight and the Re-Entry Problem.’ 
Honorary Fellowships in the Institute 
to: American—William Littlewood, 
Vice-President, | Equipment-Research, 


President’s 


1. 1957, the year in which world 
attention has been so dramatically 
fixed upon the progress of the aero- 
nautical sciences, the scope and pace of 
activities of the Institute of the Aero- 
nautical Sciences have been very ap- 
propriately broadened and quickened. 
Complete details of the year’s activities 
are to be found in the reports of the 
Director and the Treasurer. 

Once again the Institute ends a year 
in a sound fiscal position, and it is a 


and Events 


American Airlines, Inc.; Foreign— 
Bo K. O. Lundberg, Director, Aero- 
nautical Research Institute of Sweden. 

Fellowships in the Institute to: Ray- 
mond C. Blaylock, Vice-President— 
Engineering, Chance Vought Aircraft, 
Inc.; Adolf Busemann, Staff Scientist, 
Langley Aeronautical Laboratory, 
NACA; Milton U. Clauser, Director, 
Aeronautical Research Laboratory, The 
Ramo-Wooldridge Corporation; Lt. 
Gen. Laurence C. Craigie, USAF (Ret.), 
Vice-President, American Machine & 
Foundry Co.; Luigi Crocco, Robert H. 
Goddard Professor of Jet Propulsion, 
Princeton University; Brig. Gen. Mar- 
vin C. Demler, USAF, Deputy Com- 
mander R&D, Headquarters ARDC; 
I. E. Garrick, Chief, Dynamic Loads 
Division, Langley Aeronautical Labora- 
tory, NACA; Roy E. Marquardt, 
President, Marquardt Aircraft Com- 
pany; Raymond C. Sebold, Vice-Presi- 
dent—Engineering, San Diego Division, 
Convair; Hartley A. Soulé, Assistant 
Director, Langley Aeronautical Labora- 
tory, NACA. 

The Secretary announced that the 
Council had elected the following officers 
of the Institute for 1958: President, 
Edward C. Wells; Vice-Presidents, Neil 
Burgess, Gen. B. W. Chidlaw, USAF 
(Ret.), L. Eugene Root, and Horton 
Guyford Stever; Treasurer, R. Dixon 
Speas; Director, S. Paul Johnston; 
Secretary, Robert R. Dexter; and Con- 
troller, Joseph J. Maitan. 


ROBERT R. DEXTER 
Secretary 


Report—1957 


pleasure to report that our membership 
is at an all-time high. Satisfying gains 
have been made both in upgrading 
qualified members and in swelling the 
ranks of student members by 1,000 for 
the year—a significant gain because in 
it lies our hope for future growth and 
accomplishment. In each of the year’s 
activities, new records of attendance, 
interest, and worth-while participation 
were established, and the program for 
1958 promises even greater activity. 
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Newest of the famous Bell Model 47 family, the Ranger cruises with its four passenger load at more than 90 m.p.h. 


for the toughest control applications 


AIRCRAFT BEARINGS 


Shafer Aircraft Bearings 
are used throughout the 
versatile Ranger at crit- 
ical control points. 


YS-112, one of the many 
C.A.A.-approved Shafer 
Bearings used on the 
Bell Model 47J. 


Toughest of all aircraft bearing applications is in 
the control system of rotary wing aircraft. 

Constant vibration, continually varying in- 
flight deflections of structural members, oscilla- 
tory loads, shock loads—all combine to call for 
the utmost in bearing performance. 

Shafer Bearings are specified by Bell engineers 
because they provide full capacity under all these 
conditions at all degrees of misalignment to plus 
or minus 10°. Regardless of size, Shafer Bear- 
ings deliver the performance and the greatest 
load capacity for envelope dimensions and 
weight—greater than any other self-aligning 
anti-friction bearings available today! 

Shafer rollers align themselves naturally, elim- 


14 / Aeronautical Engineering Review 


inating roller end wear and race surface scuffing 
—insuring unrestricted radial capacity under all 
conditions. 

All Shafer Aircraft Bearings provide for re- 
lubrication in service—without disassembly or 
removal from the aircraft structure—of special 
importance for long life in helicopter applica- 
tions. This original Shafer feature makes it prac- 
tical and easy to extend service life three to ten 
times that of bearings not relubricated. 

There is much more to a Shafer Bearing—and 
you'll want the whole story. Write for Catalog 
54. CHAIN Belt Company, Shafer Bearing Divi- 
sion, 801 Burlington Ave., Downers Grove, III. 
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Two important ‘‘firsts’’ were insti- 
tuted by the IAS last year, both holding 
promise of expanded and _ valuable 
future activity. One was the National 
Naval Meeting, held in San Diego, 
Calif., and the other was the Weapons 
System Management Meeting, held in 
Dallas, Tex., the first of a new series of 
National Midwestern Meetings. 

The Naval Meeting, featuring 4 days 
of valuable technical sessions designed 
to bring our organization and the in- 
dustry closer to the overall develop- 
ments and objectives of our Navy’s 
aviation arm, included a cruise aboard 
the carrier U.S.S. “Ticonderoga” and 
was attended by more than 2,000. 
The Institute’s Water-Based Aviation 
Award was presented to John B. 
Parkinson of Langley Memorial Lab- 
oratories, NACA, for sustained leader- 
ship in research on the hydrodynamics 
of water-based aircraft. 

The first of the Midwestern Meetings, 
which will broaden the geographic base 
of important Institute functions and 
can be used to cover the entire 
field of the aeronautic sciences, was 
completely set up by the members 
of the Texas Section; it comprised 
15 technical sessions and a stimulating 
panel discussion. A second meeting 
of this series, devoted to technology of 
guided missiles, is planned for May of 
this year at St. Louis and will serve to 
bring the fruits of Institute thinking to 
great numbers of the membership work- 
ing in the middle section of the country. 

The vigor that marked so much of our 
work this year was perhaps best ex- 
emplified in the Institute's National 
Summer Meeting in Los Angeles, where 
a 50 per cent increase in the number of 
technical sessions—13 in all—neces- 
sitated the conducting of sessions simul- 
taneously for the first time. The 
Annual Flight Propulsion Meeting, 
held in Cleveland last March, drew the 
largest audience in the eleven-year 
history of these classified, Air Force- 
sponsored’ programs. Another high- 
light of the year was the delivery of the 
IAS Wright Brothers Lecture by H. 
Julian Allen, an aeronautical research 
scientist who recently received the 
NACA’s highest honor, the Distin- 
guished Service Medal. More than 
600 persons, a record for this lecture, 
attended. Earlier in the year, the 
IAS contribution to the Institute of 
Radio Engineers’ National Conference 
of Aeronautical Electronics comprised 
the greatest to date—three sessions and 
15 technical papers. 

A further expansion of our activities 
was agreement to have the Institute 
sponsor the Second Annual Astronautics 
Symposium of the U.S. Air Force Office 
of Scientific Research, this year in 
Denver. 


In the international field, it was my 


honor last year to lead one of the largest 
delegations of American members ever 
to attend an Anglo-American Aero- 
nautical Conference away from home. 
It is a pleasure to report that the 
Americans’ contributions in technical 
papers and panel discussions contributed 
greatly to the overall success of the 
highly diversified program at Folke- 
stone, England. We extended an in- 
vitation to our widening circle of British 
friends to be our guests at the seventh 
of these valuable biennial meetings in 
America in 1959. 

The Institute continued to cooperate 
closely with the fledgling Canadian 
Aeronautical Institute in staff work and 
the free exchange of ideas and _ tech- 
nological information, and a scientist 
who was elected an IAS Fellow—Gordon 
N. Patterson of the University of 
Toronto—delivered the W. Rupert 
Turnbull Lecture at the Fourth Annual 
CAI-IAS International Meeting at 
Montreal last fall. 

Perhaps the most important step in 
international affairs was the decision 
to have the Institute take the important 
role of permanent secretariat in the 
International Council of the Aeronauti- 
cal Sciences and to take an active part 
in planning and providing the operating 
staff for its first International Congress 
of Aeronautics in Madrid, Spain, next 
September. When Honorary President 
Theodore von Karman calls the Con- 
gress to order, he will launch the first 
truly worldwide meeting of space 
scientists and engineers ever brought 
together to facilitate the free exchange 
of ideas—the purpose for which the 
IAS was founded. A special contri- 
bution to efforts of the International 
Council is being made through the 
Institute by utilizing a substantial 
donation by Harry Guggenheim, an 
IAS Honorary Fellow. In this manner, 
the ICAS has established the Daniel 


Treasurer’s 


; = OPERATIONS of the IAS for the 
year ending September 30, 1957, resulted 
in a net unexpended income of $8,562.34 
as detailed on the accompanying Con- 
solidated Balance Sheet and Operating 
Statement. (See p. 18.) 

All activity was on a higher level as 
referenced in the President’s and Direc- 
tor’s Reports and is generally reflected 
in higher operational costs over the pre- 
ceding year. 

To review our Balance Sheet briefly, 
the unrestricted investments were in- 
creased $25,000 to $527,800; restricted 
fund investments totaled $1,114,200. 
The market value of $1,865,000 of the 
total portfolio, which includes the spe- 
cific Funds, is $223,000 in excess of cost 
or book value. The substantial appre- 


and Florence Guggenheim International 
Memorial Lecture, to be presented by 
one of the world’s leading aeronautical 
scientists at each future biennial Inter- 
national Congress. The Congress will 
be held without regard to military or 
political interests, and every country 
dedicated to the advancement of the 
aeronautical sciences will be welcome 
to participate. 

The growth of our Sections and 
Branches in the IAS has been healthy 
and vigorous. The services of our key 
facilities and activities, such as the 
Gabriel M. Giannini Film Library and 
the Minta Martin Student Fund, are 
receiving ever-widening use by the 
membership and are constantly broad- 
ening in context. You have seen how 
our activities on this continent and 
abroad are expanding on a sound and 
continuing basis in pursuit of the 
Institute’s basic objectives—the seeking 
of truth in the sciences and the propa- 
gation of our technological knowledge. 

All of these milestones of aeronautical 
progress point in the right direction. 
However, today we find ourselves in 
most extraordinary times. This is a 
time of urgency, and, as I turn the 
gavel of this high office over to my 
successor, it is with the plea that a 
sense of urgency will become the watch- 
word of our Institute and its members 
in the years to come. This urgency 
we must apply to our daily work and 
to help expedite in every way we can 
the creation of a better, larger, and 
more productive educational program 
in America in the scientific arts. 

It has been an honor to serve as your 
president, and you have my pledge to 
continue to work for the progress of 
our organization, its membership, and 
the nation we serve. 


Munpy I. PEALE 
President, 1957 


Report—1957 


ciation in value of these holdings, con- 
sidering the significant stock market 
decline last fall, is attributable to the 
good judgment exercised by the Finance 
Committee in their selection of invest- 
ments. 

A capital improvement consisting of 
an addition to the Los Angeles Building 
was completed, and the space was occu- 
pied by the AIA in November, 1956. 
The cost is being amortized over a 4- 
year term. 

There were no significant changes in 
the Principal balances of the various 
restricted Funds. The income is ex- 
pended in accordance with the donors’ 
conditions when establishing the Fund. 

The direct costs of meetings which are 
expanding in both numbers and volume 
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TAS Officers for 1958 


STAFF OFFICERS FOR 1958 


S. Paul Johnston, Director 


Robert R. Dexter, Secretary Joseph J. Maitan, Controller 

PRESIDENT 
Edward C. Wells 
Vice-President—Engrg. 
Boeing Airplane Co | 

VICE-PRESIDENT VICE-PRESIDENT VICE-PRESIDENT 

Neil Burgess General B. W. Chidlaw L. Eugene Root 

Manager, J-79 Project USAF (Ret.) General Manager 

Aircraft Gas Turbine Div. Vice-Pres. and Director Missile Systems Div. 

General Electric Co. Thompson Products, Inc. Lockheed Aircraft Corp. 


Jean Raeburn, N.Y, 


VICE-PRESIDENT 


H. Guyford Stever (left) 


Prof., Aero. Engrg. 
Assoc. Dean, School of Engrg. 
M.LT, 


TREASURER 
R. Dixon Speas 


Aviation Consultant 
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Preston R. Bassett 


Consultant 


Newly Elected Members of the 
INSTITUTE COUNCIL 


EASTERN AREA, 1-year term 


Fred N. Dickerman 


Chief Preliminary Design Engineer 
Lockheed Aircraft Corporation 


Ira G. Ross 


Executive Vice-President & Director 
Cornell Aeronautical Laboratory, Inc. 


CENTRAL AREA, 1-year term 


Kenneth L. Burroughs 


President, Aeronautical University 


George R. Gehrkens 


Chief Engineer 
North American Aviation, Inc. 


WESTERN AREA, 1-year term 


Earl Hinz 


Unit Chief, Systems and Controls 
Ryan Aeronautical Company 


Lloyd T. Goodmanson 


Project Engineer, 
Boeing Airplane Company 


Raymond C. C. M. Bolster Luis de Florez William Littlewood T. F. Walkowicz 
Mayleck Director, Development Consulting Engineer Vice-President Investment Advisor 
Vice-President The General Tire & Equipment Research Staff of 

Engineering Rubber Co. American Airlines, Inc. Laurance S. Rockefeller 


Chance Vought 
Aircraft, Inc. 
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ASSETS 
Unrestricted: 


Cash on Deposit $ 
Accounts Receivable 

Advances on Intrafund Accounts 

Deposits and Prepayments 

Investments 

Furniture and Fixtures 


Total Unrestricted Assets 


Specific: 


The Sherman M. Fairchild Fund $ 

The G. M. Giannini Fund 

The Guggenheim Fund 

The Paul Kollsman Fund 

The Vernon Lynch Award Fund 

The Minta Martin Aeronautical Student 

Fund. 

The Sylvanus Albert Reed Award Fund 

The Lawrence Sperry Award Fund 

The Water-Based Aircraft Fund 

The Los Angeles Building Operating Fund 

The Pacific Aeronautical Library Fund 

The San Diego Building Operating Fund 
Total Specific Assets 


Factlities (at Cost): 


New York 
San Diego (land leasehold) 
Total Facilities 


Income: 


Advertising Revenue 

Dues and Entrance Fees 
Subscriptions and Related Acc 
West Coast Buildings Revenus 
Investment (unrestricted) 
Miscellaneous 

Contracts Overhead 


Expenses: 


Publications... . 
Salaries—Administrative, Clerica 
West Coast Offices 

Libraries and Related Activity 
Meetings and Travel.. 


Printing, Postage, Communicat 
Vocational Guidance Manual 
Building Maintenance... 


Miscellaneous 


Los Angeles : $427 


Employees Retirement Fund & Sox 


aI 


Office Supplies and Expense, Insurar 


$1,116 


SYY 


INSTITUTE OF THE AERONAUTICAL SCIENCES, INC. 


O9 


Consolidated Balance Sheet and Operating Statement 


LIABILITIES AND RESERVES 


trestricted 


Accounts Payable and Deposits 

Deferred Credits to Income 

Deferred Income—San Diego Building 

Deposit —Pacific Aeronautical Library 

Reserves 

General Fund—Balance September 3 
1957 > 


) 


Total 


Specific Funds (see Assets).. 


Buildings, Land, and Equipment (see Assets 


Statement of Income & Expenses 


Accounting 


security 
i Equipment 


$419,680.83 
280 , 568.70 
160 000.89 
58 ,671.67 
33,877.25 
20 , 242.71 
16 973.69 
Total Income 


Total Expenses 


Net Income 


Statement for the Fiscal Year October 1, 1956, to September 30, 1957 


$165,202.14 
118,556.62 
15,247.77 
12,000.00 
2,110.02 


»2 


> 


2,029.10 


$1, 116 , 899.09 


$ 825,207.52 


$990 015.74 


$981,453.40 


$ 8,562.34 
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of papers presented have increased 
slightly; however, additional meeting 
pers mnel have been added to the New 
York and Los Angeles staffs which in- 
creases payroll costs. Section meeting 
costs, even with the yeoman service of 
the local Officers and Committees, have 
increased 6 per cent this vear. 

During the year, gross advertising 
revenues from the AERONAUTICAL EN- 
GINEERING REVIEW increased approxi- 
mately 8 per cent over the prior year; 
however, the publishing and editorial 
costs went up also, with the result that 
the net income from this source was 
$15,500 less than in 1956. + 

The AERONAUTICAL ENGINEERING 
CaTALOG dropped 6 per cent with the 
net income down $2,700. 

An extraordinary cost of $18,000 was 
approved by the Council this year for 
the production and distribution of a 
pamphlet entitled Your Career as an 
Engineer tn Aviation. One hundred and 
twenty-five thousand copies of this 
publication, intended to interest Ameri- 
can vouth in the aeronautical engineer- 
ing profession, were distributed, reaching 
every state in the Union. 

Library costs increased 9 per cent 
over 1956 mainly because of additional 
personnel required, expanded reference 
service, and maintenance of an ever- 
increasing number of acquisitions. 

The Institute’s Film Catalog con- 
tract with the ARDC which was ex- 
tended for 1 year from July 1, 1957, was 
terminated in September for the con- 
venience of the Government. This ter- 
mination was rescinded on January 6, 


1958. At the request of the AFOSR, 
the joint participation cost contract in 
producing the International Aeronau- 
tical Abstracts was expanded to provide 
French and German language editions 
for distribution overseas. In both con- 
tracts, the overhead recovered aids in 
the balancing of our budget. 

The West Coast operations consisting 
of the Los Angeles and San Diego 
Buildings, together with the Pacific 
Aeronautical Library, were maintained 
on the same general basis as during the 
preceding year. Additional building 
improvements in Los Angeles, together 
with increasing janitorial and main- 
tenance salaries, resulted in a deficit 
operation of $2,000; the San Diego 
Building costs were also $2,000 more 
than income. A higher payroll, to- 
gether with increased costs in producing 
the Uniterm Index, resulted in a slight 
deficit in the operations of the Pacific 
Aeronautical Library. 


Long-range studies have been made 


to consider maintenance of essential 
IAS services under reduced income 
conditions. The 1957-1958 Budget, 


predicated on current conditions in the 
aircraft industry and generally repre- 
senting a 10 per cent reduction in over- 
all income, has been approved by the 
Council. 

The books of the IAS were audited by 
Harris, Kerr, Forster & Company. A 
copy of their complete report is avail- 
able to members at the national office. 

PRESTON R. BASSETT 
Treasurer 


Director’s Report—1957 


= fifty-seven will go down 


in history as that year in which man’s 
first penetration of outer space touched 
off a great resurgence of interest in sci- 
ence and technology. Science and scien- 
tists have suddenly become respectable. 
Research and development are no 
longer nasty words around Washington 
The inadequacies of United States sci- 
entific educational programs have been 
starkly silhouetted against the glare of 
Russian rockets. 

To most members of the Institute of 
the Aeronautical Sciences, many of 
these things have come as no surprise. 
The shape of things which have now 
come has been discernible in our activi- 
ties for many years. The people who 
have brought these things to fruition 
are, for the most part, members of this 
organization. Our meetings and our 
publications have kept ahead of the 
trends of thinking restricted only by 
the limits imposed by security regula- 
tions. For most of us it has not been a 
question of “What will happen?’ but 
only “When will it happen?’ 


In the field of scientific education we 
have long been aware of our deficiencies 
and have done what we could to repair 
them. Through the publication of voca- 
tional guidance manuals, of compen- 
diums of the industry’s scientific educa- 
tional programs, and through the 
establishment of educational advisory 
committees, we have made substantial 
contribution in this area during the past 
vear. 

The spectacular upsurge of interest in 
space travel has had a marked effect on 


our own activities. We are not over- 
looking the fact that active development 
of conventional forms of aircraft is 
highly important and will continue to 
be so for the indefinite future. Our 
current programs, however, reflect the 
rising interest in travel outside the 
normal boundaries of the earth’s atmos- 
phere. 

This shift in emphasis has also had 
negative effects on our poltcies and 
activities. 

The glamorous aspects of space flight 
have fostered formation of many new 
“splinter’’ societies which have seized 
the opportun:ty to promote their special 
fields of interest on a vertical pattern. 
As a corollary, a rash of new ‘‘tech- 
nical’ publications has broken out, each 
one striving to pay its own way by the 
sale of advertising pages to the aircraft, 
missile, and components industry. This 
has already had a noticeable effect on 
our income from the sale of advertising 
in the Institute’s REVIEW and CATALOG. 
We have been forced to cut content 
somewhat and to effect certain other 
economies. This condition, coupled 
with the uncertain financial outlook in 
industry during the last 2 or 3 months of 
1957, has caused us to re-examine our 
overall budgets and to make plans to 
meet what (we hope) is a temporary 
shrinkage in income. 

As will be noted from the Treasurer’s 
report, however, we wound up our fiscal 
year in the black. Looking ahead into 
1958, our budgets have been drawn up 
to take account of the shrinking income 
from publications, but, with the assist- 
ance that has been forthcoming from 
the increase in Corporate Member dues 
authorized by the Council last year, we 
expect to break even on the current 
year’s operations. 

As has been stated recently in edi- 
torials in the Review, the Institute is 
pursuing what we believe to be a con- 
servative, middle-of-the-road course. 
We believe that we have a continuing 
obligation to the present aircraft indus- 
try, as well as to future proponents of 
space travel. We have stated our belief 
that the Aeronautical Sciences are con- 
cerned with “any vehicle that leaves the 
surface of the earth and goes anywhere, 
by whatever means.’’ We have also 
stated our policy to ‘‘continue to serve 


TABLE 1 
Membership Report, December 31, 1957 


Temporary Honorary Members 
Honorary Fellows 
Fellows 
Associate Fellows 
MEMBERS 
Associate Members 
Associates 
Total Graded 
Student Members 


Total 


12/31/55 


12/31/56 


12/31/57 


16 15 16 

32 30 32 

198 202 213 

926 1,041 1,240 

4,668 5,284 5,778 
502 546 

4,633 4,981 6,074 

10,975 12,099 13 ,353 

2,984 3,908 4,274 

13 ,959 16 ,007 17 ,627 
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1947 1948 

Sections 17 
Meetings 92 12 

Members 4,734 

Branches 51 60 

Meetings 277 327 

Members 3,300 1.068 


the interests of our members at 
altitudes from Zero to Infinity.”’ 


Membership 


The real test of success in an organi 
tion of this character is the trend of its 
membership. People simply will not 
join or will drop out if the programs ar¢ 
not to their liking. 

Again, without recourse to national 
campaigns, the Institute has experienced 
another vear of steady growth to a new 
high in all categories. Never befor 
have more applications come in, both 
for new membership and for regrading 
Losses were relatively low. Both the 
gross and the net increases are the 
largest in our history. Tables 1 and 2 
tell the story. We are approaching the 
18,000 mark in total membership. 


Sections 


For the twelfth consecutive year, all 
aspects of Section operation reached new 
highs. Section membership increased 
by over 1,200 in 1957. This continues 
to represent over 80 per cent of total 
IAS membership. The number of Sex 
tion meetings increased from 275 to 320 
in the past vear. 

A new Section was organized in 
Kansas City, increasing the total to 28 
Negotiations are under way for the 
establishment of Sections in central 
Florida, Miami, Redstone Arsenal, and 
Birmingham. Two subsections, in Ante 
lope Valley and Daingerfield, became 
operative in 1957. It is believed that 
Antelope Valley should have full Sec 
tion status immediately. 

Four issues of the Section Chairmen’s 
Newsletter were published in 1957 
February 26, May 15, October 18, and 
December 11. Two meetings of Section 
Chairmen were held, one in New York 
during the Annual Meeting in January 
and one in Los Angeles during the Sum 
mer Meeting in June. The Guide for 
Section Officers was again revised, and 
the improved version is in the hands of 
each officeholder. 

All Sections have Student Activities 
Committees or their equivalent and are 
rendering student aid in areas ranging 
from career clinics to television pro 
grams. It is significant that seven 
IAS Sections put on television shows in 
1957. 

The Lecture 


Second Minta Martin 
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TABLE 2 


Sections and Branches, December 31, 1957 

1949 1950 1951 1952 1953 
19 23 24 25 26 
126 144 168 181 237 
718 6,436 7,148 1,019 8,408 
l 71 69 
ia) 317 323 350 319 
958 3,395 O06 2,796 2.612 


was presented in 1957 at meetings in- 
volving the Boston, Washington-Balti- 
more-Hagerstown, Los Angeles, St. 
Louis, Seattle, and San Francisco Sec- 
tions. 

In 1957 the Sections continued to be 
the prime movers of LAS student lite1a- 
ture and the sponsors of our regional 
student activities. 


Student Activities 


Present student membership enroll- 
ment in 73 branches is 4,274, a new high. 
During 1957 S-A transfers were offered 
to 1,468 graduated student members; 
747 accepted, a return of 51 per cent. 

Nine monthly editions of the Student 
Branch Newsletter were published and 
distributed. Copies of the Director’s 
article “Institute of the Aeronautical 
Sciences,’ reprinted from the General 
Electric Review, were distributed to all 
Student Members. Student Members 
also received copies of the Director’s 


editorial “‘Zero to Infinity,’’ reprinted 
from the December, 1957, REVIEW. 


In the spring of 1957, eight Regional 
Student Conferences were held, one 
each in Detroit, St. Louis, Fort Worth, 


\tlanta, Los Angeles, Indianapolis, 
Princeton, and Charlottesville, W.Va. 
[Twelve technical papers which won 


first prizes in the 1957 Conferences were 


published in the 1957 First Award 
Papers; 750 copies have been dis- 
tributed to Sections, Branches, Cor- 


porate Members, schools, libraries, and 
interested individuals. 

National Awards (1956)—one 
graduate, one undergraduate 
sented in 1957. The two 1957 winners 
who have been selected will receive 
engraved plaques early in 1958. Dupli- 
cate National Awards were presented to 
the schools of the National winners. 


Two 


were pre- 


A script was written, taped, and de- 
livered to the Atlanta Section for their 
film descriptive of the 1957 Southeastern 
Regional Student Conference, scheduled 
for release early in 1958. 

A revised edition, 28 pages, of the 

riunnint Film List was published in 
February, 1957; 1,000 copies have been 
distributed. In September, 1957, a 3- 
page Supplement to the February, 1957, 
edition was published and distributed. 
\ folder, descriptive of the Giannini 
Film Library, was also printed in 1957 
und has been useful in encouraging 
donors to provide film prints for the 


1954 955 1956 199% 
24 27 27 28 
241 267 275 320 

8,411 9,048 9 837 11,120 
71 73 74 73 
366 227 313 319 

3,110 984 3,908 4, 274 


Library; 820 film loan requests were 
handled, 432 serviced in 1957. 


Meetings 
At the national level, we _ either 


organized or participated in some 16 
major meeting operations during the 
year, as follows 


National Meetings— 1957 


Jan. 28-31 IAS Twenty-Fifth An- 
nual Meeting, New 
York 

Participation in Sym- 
posium on Digital 
Computing in the 
Aircraft Industry, 
New York 

Participation in EJC 
Second Nuclear En- 
gineering & Science 
Conference of the 
1957 Nuclear Con- 
gress, Philadelphia 

IAS Flight Propulsion 
Meeting (Confiden- 
tial), Cleveland 

Participation in IRE 
National Sy mpo- 
sium on Telemeter- 
ing, Philadelphia 

Participation in IRE 
National Aeronautic 
Electronics Meeting, 
Dayton 

IAS-ISA-AIEE Na- 
tional Telemetering 
Conference, El Paso 

IAS Summer Meeting, 
Los Angeles 

IAS Field Trip, Palm- 
dale Flight Test 
Center, California 

1AS-Stanford Univer- 
sity Heat Transfer 
and Fluid Mechanics 
Institute, Stanford 
University,  Stan- 
ford, Calif. 

IAS Naval Aviation 
Meeting, San Diego 


Jan. 31-Feb. 1 


Mar. 11-15 


Mar. 14-15 


Apr. 14-16 


May 


May 27-29 


June 17-20 


June 20 


June 19-20 


Aug. 7 IAS Carrier Field Trip, 
U.S.S.  “‘Ticonder- 
oga’”’ 


RAeS-IAS Sixth Inter- 
national Conference, 
London and Folke- 
stone, Eng. 

CAI-IAS Joint Meet- 
ing, Montreal, Can. 
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IAS Midwestern Meet- 
ing on Weapons Sys- 
tem Management, 
Dallas 

Dec We IAS 

Wright 

Lecture, 

ton, D.C. 


Twenty-First 
Brothers 
Washing- 


Preparation and handling of meetings 
of such calibre and frequency impose a 
heavy load on cur relatively small staff. 
Such a program would not be possible 
without the help and support of the 
IAS Sections on the spot. Particular 
mention should be made of the effort 
put on these meetings by the Cleveland, 
Los Angeles, San Diego, and Texas 
Sections. 

In addition to the national effort, our 
28 sections have been building up the 
quality of their programs at a very 
gratifying rate. Careful program plan- 
ning by all Section officers has resulted 
in great improvement in all areas and is 
directly responsible for the membership 
growth reported above. We believe 
that the real strength of the Institute is 
at the Section level, and the objective 
of the national organization is to support 
Section activities to the best of our 
capability. 

The same may be said for our Student 
Branches. A great improvement has 
been shown in practically all areas, both 
in quantity and in quality. This stems 
to a great degree from the interest that 
has been taken by our Sections in the 
welfare of the Student Branches in their 
areas. Constant support is being given 
to the student groups from headquarters 
(in the form of newsletters, film lists, 
thesis suggestions, regional prizes, etc.), 
but there is nothing more stimulating to 
student organizations than direct inter- 
est and assistance from senior IAS 
members in the Sections, and judging 
from results they are evidently doing a 
fine job in this direction. 

The Regional Conferences, mentioned 
above, have become an extremely im- 
portant part of the Institute’s meetings 
program. 


Publications 


Throughout the year, the JoURNAL 
maintained a high level of content 
quality under the editorship of Dr. Wil- 
liam Sears of Cornell. Approximately 
80 pages per issue were published. The 
‘Readers’ Forum’’ continues to grow in 
both size and importance. 

A complete restudy of the editorial 
content of the REVIEW was undertaken 
early in the year, based on surveys and 
comments from our membership. The 
shifting areas of interest of readers are 
being watched closely, and constant 
effort is being put on meeting their re- 
quirements. Of interest is the fact that 
more and more original articles are 


appearing in the Review. A few vears 
ago, Our Own meetings were the prin- 
cipal sources for REvrew papers. Now, 
as a result of continuing search for new 
material from Government and industry 
research, development, and _ design 
sources, almost half of the feature arti- 
cles of 1957 were original contributions. 
Shorter, more condensed treatment of 
essential information for the use of 
engineers is the objective. 

The dollar volume of advertising sold 
during fiscal 1957 was the largest in the 
history of the Review. However, the 
calendar year wound up showing a 
slight decrease in total revenue over 
calendar 1956. This was brought about 
by the sudden drop-off in advertising in 
the last 3 months of the vear immedi- 
ately following the Government’s an- 
nounced cutbacks for the industry in the 
late summer. 

All magazines in the field were simi- 
larly affected. From the point of view 
of percentage, the REviEw’s cutbacks 
amounted to less than those felt by 
most of the other publications. It was 
necessary, however, to initiate steps 
that would bring the publication costs 
of the magazine into closer balance 
with the anticipated revenue without 
curtailing the value and usefulness of 
its services to Institute members. This 
is being accomplished through a slight 
increase in advertising page rates, in- 
creased subscription rates to nonmember 
subscribers, and certain editorial and 
format changes which reduce printing 
and production costs. 

It is anticipated that advertising 
revenues will again show an upward 
trend by midyear. Meanwhile we are 
continuing a vigorous advertising sales 
and promotion effort and keeping a 
weather-eye on the market trends. 

The AERONAUTICAL ENGINEERING 
CATALOG was published early in 1957. 
This edition was in the format that was 
found satisfactory in 1956. The 1957 
edition produced a small margin of in- 
crease Over expense. 


Pacific Aeronautical Library 


The Pacific Aeronautical Library has 
received many new requests for library 
service during the past vear, with the 
result that it now serves more than 50 
individual organizations, some with as 
many as eight separate plants. 

This growth is reflected in the circula- 
tion statistics. During 1957 the Library 
circulated 42,938 items as compared 
with the 38,851 items for 1956. These 
figures included 1,780 items circulated to 
individual Institute members not be- 
longing to our subscribing plants. They 
also include 7,147 items borrowed 


through interlibrary loan as against 
only 5,983 items borrowed during 1956. 
The Library has been fortunate to have 
this material made available to it on 


loan and tries to keep these privileges by 
returning material promptly and making 
its services available to the faculty and 
students of the lending universities. 
Partly to expedite return of this bor- 
rowed material and partly to serve more 
quickly the outlying plants, the Library 
has recently started using United Parcel 
Service instead of relying entirely on our 
messenger and the mail. 

New material processed within the 
Library has shown an increase during 
the past vear. There have been 10,291 
new items cataloged, an increase of 
3,296 over 1956. 

The Library’s Uniterm Index to Peri- 
odicals had covered 21,643 articles by 
the end of 1957 and continues to be 
issued with quarterly cumulations. This 
system has evinced interest in places as 
far apart as Iceland and Australia, the 
U.S.S.R. and Argentina; and the hope 
has been expressed that there could be 
one cumulated volume covering the 
indexing of earlier years. 


New York Library 


During 1957, the upward trend in the 
activities of the Library at the IAS 
National Headquarters was maintained. 
The Library’s services continued to grow 
in response to the increased demands of 
the IAS membership and the aero- 
nautical community as a whole. Efforts 
to keep up with the quantity of pub- 
lished scientific and technical informa- 
tion were intensified and resulted in a 
high rate of acquisition of published 
materials and in a further growth in the 
number of abstracts published in the 
AERONAUTICAL ENGINEERING REVIEW. 
In connection with abstracting, in- 
creased emphasis was given to reporting 
work published outside the Western 
Hemisphere, including the Soviet Union. 

A total of 6,770 items (periodical arti- 
cles, so-called technical reports, con- 
ference papers) were covered during 
1957 in the International Aeronautical 
Abstracts and Aeronautical Reviews sec- 
tions. In the January and February. 
1958, issues, 1,140 items have been 
covered. The Soviet Union and its 
European satellites are represented as 
follows: 


Jan.-— Jan— 
Dec.,  Feb., 
1957 1958 
Soviet Union 368 171 
Poland 100 10 
Rumania 74 4 
542-185 
Articles from Soviet 
periodicals in “‘cover- 
to-cover’’ translation 9 
614 194 


With respect to acquisition of peri- 
odicals, the number of titles received 
from all countries stands at 545. The 
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Union and other Communist 
countries figure in this total as follows 


Soviet 


Soviet Union 15 
Rumania 10 
Poland 
Hungary 3 
China (Mainland) 2 
Yugoslavia l 


Cover-to-cover English 
translation from the 
Russian 

English-language _ peri 
odicals indexing Soviet 
literature or transla 
tions of it 3 


Circulation of periodicals, reports 
books, and papers showed a rise of 31 
per cent over 1956 (48 per cent when 
compared with 1955). The publications 
loaned helped to serve principally the 
needs of Corporate and Individual 
Members of the IAS. Various U.S 
Governmental research and develop 
ment agencies and university contrac 
tors to the Department of Defense were 
also served. The interest of IAS mem 
bers in foreign developments may be 
shown by the fact that approximately 
40 per cent of the publications circulated 
originated outside the United States 
Photocopying continued to be an im 
portant service to those desiring reten 
tion copies of needed articles and re 
ports. 

Acquisition work through the year 
has maintained the large input of needed 
publications. Periodicals received pai 
ticular attention. More than 500 titles, 
of all types, are now received, as follows 
North and South America, 332; Western 
Europe, 147; Eastern Europe (including 
the Soviet Union), 37; Far East, 26 
Near East, 2; and Africa, 1. Coverage 
of periodicals from Communist coun 
tries, either in the original languages or 
in translation, is approaching 10 per 
cent of the total number of titles re 
ceived. 

Periodical articles and reports covered 
in the International Aeronautical Ab 
stracts and Aeronautical Reviews sections 
of the AERONAUTICAL ENGINEERING 
REVIEW totaled 6,759 in 1957 (a gain of 
43 per cent over 1956); 1,017 of these 
were from foreign-language originals (15 
per cent of the total). The twelve 
monthly issues of Jnternational Aero 
nautical Abstracts, which is prepared with 
the support of the U.S. Air Force Office 
of Scientific Research, were also trans 
lated by the IAS staff into the French 
and German languages. These foreign 
editions, which were supported by the 
U.S. Air Force Office of Scientific Re- 
search, were published by the TAS and 
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distributed in Europe by the European 
Office of the Air Research and Develop- 
ment Command of the U.S. Air Force. 
Each of these editions required the 
translation of approximately 93,600 
words (187,200 total). Two hundred 
ninety-eight volumes were annotated in 
the Books section of the REVIEW 

Cataloging was kept up to date, while 
inroads were made into some remaining 
backlog of uncataloged material. Spe- 
cial card catalogs were also maintained 
for reference use 

All in all, approximately 10,000 
inquiries were handled by the Library 
staff, either by mail, telephone, or 
personal visit. The Historical Collec- 
tions were further consolidated and clas- 
sified, particularly in the area of photo- 
graphs. The Historical Collections 
continued to service requests from staff, 
members, and organizations in the area 
engaged in aeronautical activities. 


International 


During 1957 plans for the formation 
of an International Council of the Aero- 
nautical Sciences came to a head. Ata 
meeting in New York in January, repre- 
sentatives of ten countries met and 
formed a provisional organization. In 
Paris in May, in London in September, 
and in Washington in November, 
specific programs were developed for a 
First International Congress to be held 
in Madrid, Spain, in September, 1958. 

The Institute has been playing an 
active part in these plans and is estab- 
lished as the Permanent Secretariat for 
ICAS. With the authorization of the 
IAS Council, the income from the fund 
derived from the sale of the Guggenheim 
Estate at Sands Point (Long Island) to 
the U.S. Navy has been made available 
for the support of the work of the Inter- 
national Council. 

Throughout the years the IAS has 
continued its close collaboration with 
AGARD both through its established 
Panel activities and in connection with 
its General Assembly in Washington in 
November. 

The Sixth Anglo-American Confer- 
ence was held in London and Folke- 
stone, England, in September, 1957. 
Approximately 100 Americans (some 
accompanied by wives and children) 
attended. Some 500 delegates were 
present. By joint action of the Councils 
of the RAeS and the IAS, plans have 
been made for a Seventh Conference to 
be held in the Northeastern section of 
the United States in October, 1959. 

Collaboration with the Canadian 
\eronautical Institute continued in the 


form of joint meetings and financial 
support. By the end of the year, how- 
ever, the CAT Council advised us that, 
inasmuch as the society was not firmly 
established, its local financial support 
was ample for its needs and no additional 
grants from the IAS or the RAeS would 
be needed in the future 


Facilities 


maintenance and 
modernization program in all buildings 
has been continued throughout the vear, 
Our physical plant is in good repair and 
is under constant inspection. 


A continuous 


Activity in the Los Angeles building 
continues at a high level. Budget 
balancing is an ever-present problem, 
but the Building Management Com- 
mittee and our Western Region Man- 
ager are exploring every avenue whereby 
revenues can be increased by greater 
building utilization. 

During the past year a temporary 
solution was reached for the San Diego 
facility. An agreement has been reached 
and a 5!/,-vear lease signed with Cali- 
fornia Western University whereby the 
latter takes over the entire responsibility 
for the building at a satisfactory rental, 
while we retain use of the building for 
our local meetings, etc., on a pre- 
scheduled basis. Any funds accumulat- 
ing under this agreement will be ear- 
marked for the future use of the IAS 
San Diego Section. It is felt that this is 
an extremely satisfactory method of 
handling what has been a difficult prob- 
lem. E. T. Price, formerly of Solar 
Aircraft and a past member of our 
Council, was responsible for the initial 
suggestion and was extremely helpful 
during the negotiations. 


General 


During the course of the vear the 
New York staff visited a large number 
of our Sections and Branches. Our 
travel schedules have been heavy, with 
increasing meetings commitments in 
this country and overseas. 

With expanding membership and 
worldwide interests, the demands on the 
staff have been steadily rising. At the 
same time, budget restrictions have 
limited the number of people we can put 
on various projects. We are indeed 
fortunate in having a staff of hard work- 
ing, dedicated people who carry on the 
business of this organization. We give 
them full credit for making the Institute 
what it is today—one of the outstanding 
scientific societies of the world. 

S. PAUL JOHNSTON 
Director 
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Honorary Fellows 
for 


1957 


Honorary Fellows shall be persons 
of eminence in aeronautics and are 
elected by the Fellows and Honor- 
ary Fellows of the Institute resid- 
ing in the United States. Not 
more than one person residing in 
the United States, nor more than 
one person residing in a foreign 
country may be elected as Honor- 
ary Fellow in any one year. 


AMERICAN HONORARY FELLOW FOREIGN HONORARY FELLOW 
William Littlewood Bo K. O. Lundberg 


Fellowship in the Institute—1957 


Fellows of the Institute of the Aeronautical Sciences shall be those 
who have attained a position of distinction in aeronautics and made 
notable and valuable contributions in one of the aeronautical sciences 
or aeronautical engineering. 


e Raymond C. Blaylock 
Vice-President, Engineering 
Chance Vought Aircraft, Inc. 

e Adolf Busemann 


Staff Scientist 
Langley Aeronautical Lab., NACA 


Milton U. Clauser 


Director, Aeronautical Research Lab. 
The Ramo- Wooldridge Corp. 


e Lt. Gen. Laurence C. Craigie, USAF (Ret.) 


Vice-President, American Machine & Foundry Co. 


e Luigi Crocco 


Goddard Professor of Jet Propulsion 
Princeton University 


e Brig. Gen. Marvin C. Demler, USAF 
Deputy Commander 
Research & Development, ARDC 


e |. E. Garrick 


Chief, Dynamic Loads Div. 
Langley Aeronautical Lab., NACA 


e Roy E. Marauardt 


President, 
Marquardt Aircraft Co. 


e Raymond C. Sebold 

Vice-President, Engineering 
Convair Div., General Dynamics Corp. 
e Hartley A. Soule 


Assistant Director 
Langley Aeronautical Lob., NACA 
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IAS Awards for 1957 


Major David G. Simons, USAF 


Chief, Space Biology Branch 
Aero Medical Field Laboratory, Holloman AFB 


The John Jeffries Award 


This award honors the memory of Dr. John Jeffries, an 
American who, with Blanchard, the French balloonist, made 
the first aerial voyage across the English Channel in 1785 and 
onea previous flight made the earliest recorded scientific 
observation from the air. The award was established by 
the IAS in 1940 to give recognition to the importance to 
aviation of scientific endeavor in the field of medicine. 


Presented to DAvip G. SIMONS 


“For his valuable pioneering cont? 
establish beyond question the feasibility of human survival 
and effectiveness at extreme altitudes.”’ 


ms which 


Major David G. Simons, Chief, Space Biology Branch, 
Aero Medical Field Laboratory, Holloman AFB Air Develop 
ment Center, has distinguished himself by the exceptional 
achievement of performing a record-breaking solo flight to an 
altitude of 102,000 ft. This was accomplished in a gondola 
suspended from a plastic balloon on August 19 and 20, 1957 
He was aloft for 32 hours, 26 of which were at altitudes 
equivalent to space. 

Major Simons made scientific measurements constituting a 
valuable pioneering contribution to our knowledge of extreme 
altitude flight and having international significance. 

Despite obstacles experienced during the launch (he was 
in the gondola 10'/2 hours prior to flight), he remained stable 
and effective throughout the entire period of confinement. 
Also, he submitted to many months of preparatory training 
during which he participated in parachute jumps, altitude 
chamber tests, and free balloon flights These hazardous 
activities were additional to the duties of planning and exe- 
cuting the entire project. He received the Distinguished 
Flying Cross for his heroic feat. 

Major Simons was born on June 7, 1922, in Lancaster, Pa. 
He received a B.S. in Chemistry from Franklin and Marshall 
College in 1943 and his M.D. degree from Jefferson Medical 
College in 1946. He entered military service in 1942 and in 
1947 began a study of weightlessness problems at Wright- 
Patterson AFB. 
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Jule G. Charney 


Professor, Meteorology 
Massachusetts Institute of Technology 


The Robert M. Losey Award 


Established in 1940, this annual award honors the memory 
of Capt. Robert Moffat Losey, a member of the Institute and 
a meteorologic officer of the Air Corps, who was killed at 
Dombas, Norway, April 21, 1940, while serving as an official 
observer for the U.S. Army. He was the first officer in the 
service of the United States to die in World War II. The 
award carries an honorarium. 


Presented to JULE G. CHARNEY 


“Tn recognition of outstanding contributions to the 
science of meteorology as applied to aeronautics.” 


Jule G. Charney, Professor of Meteorology, Department of 
Meteorology, M.I.T., has been working in what may be called 
“planetary field dynamics’’—the study of the large-scale 
circulation of the atmosphere and the oceans by analytical 
and high-speed computational methods. Techniques that he 
and his colleagues developed for numerical weather prediction 
were by-products of this study. 

Dr. Charney is credited with the procedure filtering which 
opened the door to this new approach to weather forecasting. 
The resulting studies promise more accurate high-level wind 
forécasts which are necessary for jet operations. To this end, 
a Joint Numerical Weather Prediction unit has recently been 
set up in Washington, D.C. 

Dr. Charney earned his B.A., M.A., and Ph.D. at the 
University of California, at Los Angeles. While a University 
Fellow in Mathematics, he was made an instructor in the war- 
time meteorological training program, which gave birth to 
his interest in theoretical meteorology. 

He was awarded a National Research Fellowship which, 
after 1 year as Research Associate in Meteorology at the 
University of Chicago, he used for further studies at the Aero- 
physical Institute, Oslo, Norway. 

He was Director of a meteorology project at the Institute 
for Advanced Study before joining the M.I.T. staff in 1956. 
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Raymond L. Bisplinghoff 


Professor, Aeronautical Engineering 
Massachusetts Institute of Technology 


The Sylvanus Albert Reed Award 


The late Dr. S. A. Reed, designer of metal aircraft pro- 
pellers and a Founder Member of the IAS, made an endow- 
ment to the Institute in 1933 to provide an annual award to be 
presented for a notable contribution to the aeronautical sci- 
ences, resulting from experimental or theoretical investiga- 
tions which have had a beneficial influence on the develop- 
ment of practical aeronautics. The award consists of a cer- 
tificate and an honorarium. The recipient is chosen by ballot 
of the American Honorary Fellows and Fellows of the Insti- 
tute. 


Presented to RAYMOND L. BISPLINGHOFF 
“For developing and systematizing techniques for 
calculating dynamic loads and stresses in 
aircraft structures making practicable accurate routine ¢ 
prediction of transient response during maneuvers.” 


Raymond L. Bisplinghoff, Professor, Aeronautical Engi- 
neering, M.1.T., directed, together with H. Guyford Stever, a 
3-year research program to predict the stresses in aircraft 
structures due to atomic bomb blasts. This involved par- 
ticipation in tests at Eniwetok in the spring of 1951, for which 
he received a certificate of achievement from the Air Force. 

Professor Bisplinghoff was codesigner and builder with 
Hans P. Liepman of the University of Cincinnati wind tunnel 
(1942), and with M. A. Biot developed a theory of predicting 
dynamic stresses in aircraft structures used by the aircraft 
industry during the latter part of the war. He developed a 
seaplane impact theory and supervised a research program to 
extend and corroborate it. From this work he wrote the 
Navy seaplane load requirements which were later adopted 
by the ICAO. 

He has been responsible for graduate courses in dynamics of 
aircraft structures offered to M.I.T. students since 1946, and 
with staff members and thesis students developed methods of 
dynamic stress analysis for gusts, landing loads, gun blast, 
swept-back wings, and wings with cutouts. 

Other achievements by Professor Bisplinghoff include 
theory and design of a sandwich-type mounting system for the 


Allison V-1710 engine and coauthorship of the book Aero- 
elasticity. 


Clarence A. Syvertson 


High Speed Research Division ~ 
Ames Aeronautical Laboratory, NACA 


The Lawrence Sperry Award 


This award was endowed in 1936 by the sister and brothers 
of the late Lawrence Burst Sperry, pioneer aviator and in- 
ventor, who was drowned in 1923 at the age of 31 after a 
forced landing in the English Channel. The certificate and 
honorarium are presented annually for a notable contribution 
made by a young man to the advancement of aeronautics. 


Presented to CLARENCE A. SYVERTSON 


‘For significant contributions to the solution of the 
problem of flight at hypersonic speeds with particular 
reference to the fundamental understanding of hypersonic airflow 
and its application to efficient aircraft design.” 


In the broad research attack upon the many problems of 
hypersonic flight, Mr. Syvertson’s energies and abilities have 
produced numerous substantial achievements fundamental to 
progress. He is Assistant Chief, 10- X 14-in. Supersonic 
Wind Tunnel Branch, High Speed Research Division, Ames 
Aeronautical Laboratory, NACA. 

He has improved the understanding of hypersonic aero- 
dynamics and played an important role in evolving aircraft 
configurations for efficient hypersonic flight. 

Mr. Syvertson also has established practical design princi- 
ples for building research tools needed to study high-speed 
aerodynamics using an approach through analysis and 
experiment that has resulted in notably simple and practical 
methods for designers in industry, as well as for research. 

As a logical extension of his fundamental work, he is cur- 
rently studying ways to combine wings and bodies for attain- 
ing maximum aerodynamic efficiency at hypersonic speeds. 

A native of Minneapolis, Minn., Mr. Syvertson graduated 
in 1946 from the University of Minnesota with the degree of 
Bachelor of Aeronautical Engineering. After serving in the 
Army, he returned to this school where he received an M.S. 
degree in 1948. He joined the staff of Ames Aeronautical 
Laboratory in 1948 as an Aeronautical Research Scientist and 
is currently completing work required for a Ph.D. degree at 
Stanford University. 
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Awards, continued 


Herman Mark 


Samuel J. Harris, Ill 


IAS Minta Martin 
National Student Awards 


The Minta Martin Aeronautical Student Fund was estab- 
lished by the late Glenn L. Martin in honor of his mother 
who encouraged him in his aviation pursuits. It is ad 
ministered by the IAS to encourage aeronautical engineering 
education. This is accomplished in part through several 
annual regional student conferences where students have the 
opportunity to present original technical papers in competi 
tion for cash awards. From the first prize 
undergraduate papers, two national award wit 
by a board of professional scientists and « 


graduate and 
iners are chosen 


They 


gineers. 


The Grover E. Bell Award 


The late Lawrence D. Bell created this award 
a memorial to his brother who died in an aircraft accident in 
California in 1913. The award, consisting of a medal, 
certificate, and honorarium, is administered the Buffalo 
Foundation for the purpose of fostering and encouraging re 
search and experimentation in the field of helicopter develop 
ment, 


in his will as 


Presented to Kurt H. HOHENEMSER 


“For outstanding achievement in solving the 
complex dynamics problem required in thi pment of the 
world’s first successful convertiplane, the M nell XV-1," 
Dr. Hohenemser, Chief Aeromechanics Engineer, Heli 


copter Division, McDonnell Aircraft Corporation 
major contributions to his firm’s Convertiplane 

An Honorary Fellow of the American Helicopter Society 
and an IAS Associate Fellow, he has published some 35 
technical articles in three areas—theory of vibrations, theory 
of elasticity and plasticity, and theory of helicopter flight. 

He was responsible for the autogyros and helicopters de- 
veloped by A. Flettner Aircraft Company, Berli 
from 1935 to 1945. From 1930 to 1933, Dr 
a Research Fellow under Ludwig Prandtl, working in struc- 
tural dynamics, plasticity, and fatigue of metals at the 
University of Gottingen. He also was a Lecturer in Applied 
Mathematics and Mechanics there. 

He was the aerodynamicist for the four-seat travel plane 


has made 


n, Germany, 
Hohenemser was 
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receive plaques engraved for outstanding engineering achieve- 
ment, duplicates of which go to the winners’ universities. 


Presented to 
HERMAN Mark: Graduate Division 


SAMUEL J. Harris, III: Undergraduate Division 


This vear’s Graduate Division winner, Herman Mark, is 
currently an Aeronautical Research Engineer at Lewis Flight 
Propulsion Laboratory, NACA. He won the award for a 
paper on “The Interaction of the Reflected Shock Wave with 
the After-Flow Boundary Layer.”’ 

Mr. Mark received a Bachelor’s degree in Mechanical 
Engineering from the College of the City of New York in 1944 
and after military service, in which he was assigned to the 
NACA, received an M.S. degree from Case Institute of 
Technology. He received his Ph.D. from Cornell University 
last June. 

Samuel J. Harris, III, the Undergraduate Division winner, 
is an Associate Engineer, Missile Aerodynamics, Douglas 
Aircraft Company, Inc., Santa Monica. The paper that 
won him the National Award, ‘Determination of Pressure 
Drag on Bodies of Revolution in Transient Flight,”’ also won 
first prize in the IAS 1957 Northeastern Regional Conference. 
Mr. Harris also took third place with another paper in the 
1957 Southeastern Regional Conference. 

A native of Danville, Va., he was graduated from Virginia 
Polytechnic Institute last June. 

The awards were presented at the Twenty-Sixth Annual 
Meeting to Mr. Mark, to Cornell, and to V.P.I. Mr. Harris 
will receive his award on the West Coast. 


Kurt H. Hohenemser 


Chief Aeromechanics Engineer 
Helicopter Div., McDonnell Aircraft Corp. 


produced by G. Fieseler Aircraft Company (Germany) for the 
European competition of 1934. 
The Bell Award was presented to Dr. Hohenemser by Les- 
ton Faneuf, President, Bell Aircraft Corporation. 
Presentation is sponsored by one of three societies—the 
IAS, AHS, or AIA—in rotation. 
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Jerome C. Hunsaker 


Professor Emeritus 
Massachusetts Institute of Technology 


The RAeS Gold Medal for 1957 
Presented to JEROME C. HUNSAKER 


The Royal Aeronautical Society announced during the 
Sixth Anglo-American Conference in September that Jerome 
C. Hunsaker, first IAS President, had been named to receive 
its highest honor—the RAeS Gold Medal. 

The Institute’s British predecessor cited Professor Hun- 
saker ‘“‘for his contributions to aeronautical research and 
education, including his inspired chairmanship of the NACA.” 

Professor Hunsaker, now Professor Emeritus, Massachu- 
setts Institute of Technology, was the NACA Chairman from 
1941 to 1956. He was instrumental in the founding of the 
first course in aeronautics in the United States at M.I.T. and 
was Professor of Aeronautical Engineering there until his 
retirement in 1952. 

A native of Iowa and a U.S. Naval Academy graduate 
(1908), he was in charge of the Aircraft Division, Bureau of 
Construction and Repair, during World War I. He worked 
on Navy-Curtiss flying boats, designed the Shenandoah, and 
participated in the development of the first aircraft carriers, 
their catapults, and arresting gear. 

His many honors include the NACA Distinguished Service 
Medal, Navy Cross, Daniel Guggenheim Medal, Franklin 
Medal, Legion d’Honneur, and the Wright Brothers Memorial 
Trophy. He gave the eighth Wright Brothers Memorial 
Lecture in 1920 and is a Founder Member of the IAS. 

The first Gold Medal was presented to the Wright brothers 
in 1909. Only 18 Gold Medals had been awarded by the 
RAeS up to the time Professor Hunsaker was selected. He 
joins a select rank of the most famous men in aviation includ- 
ing Octave Chanute, Ludwig Prandtl, Juan de la Cierva, 
Sir B. Melvill Jones, Sir Geoffrey de Havilland, and Theodore 
von Karman. 

The presentation was made by Sir George Edwards, 1957 
RAeS President, who came to the U.S. for the occasion. 


Arthur E. Raymond 


Vice-President, Engineering 
Douglas Aircraft Company, Inc. 


The Daniel Guggenheim Medal for 1957 


Presented to ARTHUR E. RAYMOND 


Arthur E. Raymond—an IAS Honorary Fellow and 1946 
Past President—is Vice-President, Engineering, Douglas 
Aircraft Company, Inc. He receives this distinguished honor 
“for development of a long line of successful civil and military 
aircraft and for notable contributions to aeronautics in public 
service.” 

Mr. Raymond has worked on practically every Douglas 
airplane since 1925 when he joined the firm. He delivered the 
second Dr. Albert Plesman Memorial Lecture (honoring the 
late founder of KLM Royal Dutch Airlines) at Delft, Hol- 
land, in September. 

Mr. Raymond is a member of the National Advisory 
Committee for Aeronautics and the National Academy of 
Sciences. 

The Guggenheim Medal is given annually by The Daniel 
Guggenheim Medal Fund, Inc., to honor persons who make 
notable achievements in the advancement of aeronautics. 
Presentation is sponsored by one of three societies—the IAS, 
ASME, or SAE. 

Created in 1928 as an international award, the medal also 
commemorates the support given by Daniel Guggenheim to 
the advancement of aeronautics through donations for the 
support of schools of aeronautics and for the encouragement 
of civil aviation. 

An international Board of Award was created in 1938, 
solely for the selection of a medalist each year. Orville 
Wright was recipient of the first medal in 1929. The medal- 
ists who followed, the most renowned figures in aviation, 
include Ludwig Prandtl, Juan de la Cierva, William E. 
Boeing, William F. Durand, James H. Doolittle, Lester D. 
Gardner, Igor I. Sikorsky, Sir Geoffrey de Havilland, and 
Charles A. Lindbergh. 
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Magnetic fields, acting as a double piston, 
drive luminous ionized shock waves through 
transparent tube. One-tenth microsecond ex- 
posure in STL’s Physical Research Laboratory. 


MAGNETOHYDRODYNAMICS 
and SPACE TECHNOLOGY 


Magnetohydrodynamics provides one of the most promis- 
ing approaches for attaining the velocities and specific 
impulses that will be required for manned space flight to 
a planet, landing, and returning. 

The critical problem in attaining velocities of hundreds 
of thousands of miles per hour is the containment of tem- 
peratures comparable to those in the interior of stars. 
Because the temperature of the driving reaction will have 
to rise as the square of the exhaust velocity, temperatures 
greater than one million degrees will be encountered in 
reaction chambers. Magnetohydrodynamics offers a 
unique solution to the basic problem of containing the 
reaction without contact with the chamber walls. 

Briefly, the physical principles of magnetohydrody- 
namics are these. Since gas at such temperatures is com- 
pletely ionized and is an effective conductor of electricity, 
the introduction of currents in the gas (in this state 
called a plasma) creates an electromagnetic field. This 
field makes it possible to control the plasma by applying 
an external opposing magnetic field which creates a mag- 
netic bottle to contain the charged gas particles. Similarly, 


a magnetic-field piston can be used to accelerate the par- 
ticles. Such magnetohydrodynamic reactions are expected 
to develop exhaust velocities that are an order of magni- 
tude greater than those generated by present chemical 
rockets. 

At Space Technology Laboratories, both analytical and 
laboratory work are proceeding in the field of mag- 
netohydrodynamics. This work illustrates the advanced 
research in STL’s Physical Research Laboratory, which 
emphasizes the application of basic physical principles to 
the requirements of space technology. 

In support of its over-all systems engineering respon- 
sibility for the Air Force Ballistic Missile programs, and 
in anticipation of future system requirements, STL is 
engaged in a wide variety of research and experimental 
development activity. Projects are in progress in elec- 
tronics, aerodynamics, propulsion, and structures. 

The scope of work at Space Technology Laboratories 
requires a staff of unusual technical breadth and compe- 
tence. Inquiries regarding the many opportunities on the 
Technical Staff are invited. 


Space TECHNOLOGY LABORATORIES 
A Divisio 


S730 ARBOR VITAE STREET ¢ LOS ANGELES 45, CALIFORNIA 
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XUM 


Sir Richard Southwell Is 


Visiting Professor at Rice 


Sir Richard V. Southwell, an Institute 
Honorary Fellow, has joined the faculty 
of The Rice Institute, Houston, Tex., as 
Visiting Professor of Mechanical Engi- 
neering, until June. 

The retired British educator, an au- 
thority in the field of relaxation methods 
and theory of elasticity, will teach an 
Applied Mechanics Seminar. This course 
will be based on a book planned by the 
educator. It will deal with the application 
of his previous book, Relaxation Methods, 
to various phases of applied mechanics— 
in particular, the theory of elasticity and 
structures. A series of public lectures also 
is planned. 

Active in aviation 
Richard was Professor of Engineering 
Science at Oxford from 1929 to 1942. 
He spent the next 6 years as Rector, Im- 
perial College of Science and Technology, 
London University. He has written four 
books and numerous technical papers and 
is a Fellow of the Royal Aeronautical 
Society. 

Sir Richard delivered the 1941 Wright 
Brothers Lecture on ‘‘New Pathways in 
Aeronautical Theory.”’ 


since 1914, Sir 


Bulova Laboratories 


New IAS Corporate Member 


The Bulova Research and Development 
Laboratories, Inc., with headquarters at 
62-10 Woodside Avenue, Woodside 77, 
N.Y., has become an Institute Corporate 
Member. 

The firm has been engaged in develop- 
ment of a servoaltimeter of advanced de- 
sign and capability for the past 2 years. 
For the measurement of altitude by pres- 
sure means, the instrument is currently in 
the small lot production phase. 

Bulova says the instrument’s main fea- 
tures are its tape presentation, extreme 
sensitivity, and accuracy. 
tivity is said to be 0.01 in. 


Basic sensi- 
of mercury 


> Major Gen. Albert Boyd, USAF (Ret.) 


(F), has joined Westinghouse Electric 
Corporation as Consultant and Adviser 
to E. V. Huggins, Group General Manager, 
Defense Products. 

> Lt. Gen. Laurence C. Craigie, USAF 
(Ret.), just named a 1957 Fellow of the 
Institute, has also been elected a Vice- 
President of American Machine & Foundry 
Company. General Craigie also is a 
Director of Associated Missile Products 
Corporation, G. M. Giannini & Company, 
Inc., Giannini Research Corporation, and 
Hydro-Aire, Inc. 
page 23. 

> K. R. Herman (M), President, Vickers, 
Inc., has been elected an Executive Vice- 
President of Sperry Rand Corporation. 


> Carl G. Holschuh (M), President and 
General Manager, Sperry Gyroscope Com- 


His picture appears on 


Sir Richard V. Southwell 


throughout an altitude range of —1,000 
to +80,000 ft., equivalent to a sensitivity 
of 2 feet at sea level. Accuracy is said to 
vary from 10 ft. at sea level to about 100 
ft. at 80,000 ft. 


H. W. Emmons to Deliver 
Three Minta Martin Lectures 


The 1958 Minta Martin Lecture, ‘‘Com- 
bustion—An Aeronautical Science,” will 
be delivered by Howard W. Emmons, 
1957-1958 Hunsaker Professor of Aero- 
nautical Engineering, Massachusetts Insti- 
tute of Technology. 

Sponsored by M.I.T. and the IAS, the 
lecture will be given March 10 at Kresge 
Auditorium, M.I.T., with the Institute’s 
Boston Section participating. The Wash- 
ington Section and University of Maryland 
are sponsoring the lecture on March 17 at 
the U. of M. campus, and on March 20 
the Los Angeles Section and California 
Institute of Technology will hear the lec- 
ture on the Caltech campus. 


pany, has been elected an Executive Vice- 
President of Sperry Rand Corporation. 

> H. Guyford Stever (F), Associate Dean, 
Massachusetts Institute of Technology 
School of Engineering, has been named 
head of a new NACA committee on space 
technology. Dr. Stever also is a 1958 
IAS vice-president. 


This section provides information con- 
cerning the latest affiliations of IAS 
members. All members are urged to 
notify the News Editor of changes as || 
soon as they occur. H 


— 


Charles W. Carmody (M), formerly the 
temporary Technical Development Co- 


ordinator of the Office of Air Traffic Con- 
trol, Civil Aeronautics Administration, 
has been appointed to the new position of 
Assistant Director of the Office of Air 
Traffic Control. Mr. Carmody completed 
a contract as Civil Aviation Adviser to 
Greece this summer. 


Capt. William E. Dean, USAF (A), 
formerly a Wing Material Staff Officer, 
303d Bombardment Wing (SAC), Davis- 
Monthan AFB, Ariz., has been transferred 
to the Ballistic Missile Division (ARDC), 
Inglewood, Calif., and assigned as Air- 
frame Project Officer for the Titan ICBM. 


H. W. Holzapfel (M) has been pro- 
moted from Assistant Manager to Man- 
ager, The Garrett Corporation, AiResearch 
Aviation Service Division. 


David J. Johns (M) has been appointed 
Lecturer, College of Aeronautics, Cran- 
field, United Kingdom. He resigned his 
position as Technical Officer, Armaments 
Division, Sir W. G. Armstrong Whitworth 
Aircraft, Ltd. 


Ralph W. Johnson (M), formerly Struc- 
tures Engineer at Radioplane Division of 
Northrop Aircraft, Inc., has been pro- 
moted to Senior Engineer. He also is a 
Project Stress Engineer on target missile 
projects. 


Martin V. Kiebert, jr. (M), formerly 
Director, Electronic Research, Applied 
Research, Inc., has joined Consolidated 
Electrodynamics Corporation. 


John Dill McKenney (A) has been ap- 
pointed Principal Engineer, Research and 
Development Section, at Clary Dynamics, 
the aircraft and automatic controls divi- 
sion of Clary Corporation, San Gabriel, 
Calif. Mr. McKenney is former Section 
Chief, Mechanical Systems Engineering, 
Jet Propulsion Laboratory, California In- 
stitute of Technology, and did not occupy 
the position incorrectly identified with him 
in these columns in the REview for Jan- 
uary. 


Major Patrick W. Powers, USA (M), 
formerly assigned to the lst Guided Mis- 
sile Brigade, Fort Bliss, Tex., is stationed 
at Fort Leavenworth, Kan., where he is 
attending the Army Command and 
General Staff College. 


Stanley T. Rader (A) has been ap- 
pointed Southwestern District Sales Man- 
ager, Aircraft and Ordnance, The Weather- 
head Company. He formerly was Sales 
Engineer, Stewart Warner Corporation. 


Martin A. Snyder (M), formerly Flight 
Test Engineer, Lockheed Aircraft Cor- 
poration, Burbank, is now a Flight Test 
Engineer for the Lockheed Missile Sys- 
tems Division, Van Nuys, Calif. 


Werner Spilger (AF) has joined Aero- 
nutronic Systems, Inc., as Research 
Scientist. Dr. Spilger formerly was with 
Lockheed’s Military Operations Research 
Division. 


(IAS News continued on page 68) 
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STAINLESS STEEL 
HONEYCOMB FUSELAGE SECTIONS STEEL WELDMENTS 
_SANDWICH STRUCTURES. 


PISTON AND JET HORIZONTAL 
POWER PACKAGES STABILIZERS STRUTS 


METAL BONDED 


FLAP TRACKS ELEVATORS STRUCTURES 


AIRCRAFT SPECIALISTS IN MANY FIELDS 


Today, Rohr is the world’s largest producer of components for flight . . . from 

power packages to elevators to exotic, new structural materials. And, through long 
experience, selected design and engineering talent, plus unique manufacturing machines, 
Rohr is a real specialist in these many fields. More than ever before, Rohr offers 
America’s aircraft industry a wide diversity of production facility 

for fast, low-cost, precision manufacture of components 


for present and future flight. 


MAIN PLANT AND HEADQUARTERS: CHULA VISTA, CALIF.; PLANT: RIVERSIDE, CALIF; ROHR 


AIRCRAFT CORPORATION 
ASSEMBLY PLANTS: WINDER, GA.; AUBURN, WASH. 
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Engineering and Scientific Briefs from Correspondents Around the Globe 


17 Satellite Articles 
in Soviet Publication 


@ Questions on the motion of artificial 
satellites, and their uses in scientific re- 
search, are examined by Soviet scientists 
in 17 technical papers in the September, 
1957, issue of Progress in the Physical 
Sciences. 

The 282-page issue commemorating 
the 100th anniversary of the birth of K. 
E. Tsiolkovskii includes articles on 
problems connected with the launching 
of a satellite, means of predicting orbit 
life (with a chart and tables), a method 
of calculating satellite motion with a 
digital computer, and some problems of 
the dynamics of a flight to the moon. 

Other articles cover investigation of 
the composition of primary cosmic ra- 
diation, atmosphere investigations with 
rockets and satellites, use of satellites to 
study interplanetary solid matter, and 
silicon solar batteries as sources of elec- 
trical power for satellites. 

Also discussed are verification of the 
general theory of relativity, solar ultra- 
violet radiation, and pressure, density, 
ionization, and electrostatic fields at 
extreme altitudes. 


French Scientific Efforts 
Unified by Two Committees 


@ Two important committees are re- 
sponsible for the cohesive relationship 
of scientific efforts in France. These 
are the Scientific Action Committee for 
National Defense and the National 
Committee for Scientific Research. 
There is no direct connection between 
them. Comite d’Action Scientifique 
(CASDN) is a high-level advisory group 
appointed by interministerial decree, 
responsible to the President of the Coun- 
cil of Ministers but attached to the 
Minister of National Defense, while the 
Comite National de la Recherche Scien- 
tific (CNRS) is a public institution, com- 
posed of civilian personnel under the 
authority of the Minister of National 
Education. an indirect re- 
lationship is shown through the mem- 
bership of CASDN members in the ad- 
ministrative council of the CNRS. 
CASDN is not solely responsible to 
the Defense Minister. The subtle but 
important difference in the French titles 
indicates that CASDN broader 


However, 


scope of scientific interest than those 
matters which are conducted solely 
within the Ministry of National De- 
fense. The President of CASDN and 
its members are appointed by, and are 
responsible to, the President of the 
Council of Ministers, and, because of 
this, the committee is in a position to 
coordinate all scientific efforts in France 
that have a bearing on national defense. 

General of the Corps d’ Armee Maurice 
H. Guerin is president of CASDN. The 
committee is composed of 14 leading 
civilian scientists. General Guerin has a 
personal staff consisting of a lieutenant 
colonel, a major, and a captain. The 
committee is supported by a permanent 
secretariat of 20 military personnel 
headed by acolonel. Rather than spon- 
soring or conducting any direct scien- 
tific research itself, this group (1) main- 
tains contact with all research and devel- 
opment activities in France and (2) 
makes studies and recommendations 
to avoid duplication between the sev- 
eral military services and to assure opti- 
mum use of both military and civilian 
scientific talent and facilities. This is un- 
derstood to be achieved not through a 
direct command line but through CAS- 
DN members functioning on director 
committees of many research establish- 
ments. 

The National Committee for Scien- 
tific Research (CNRS) is a large organi- 
zation established by public law, with a 
separate budget under the authority of 
the Minister of National Education. 
It coordinates, encourages, and stimu- 
lates scientific research in all areas and 
grants subsidies to private and public 
scientific establishments for 


various 
types of expenses. In addition, it ad- 
ministers and supports throughout 


France a large number of laboratories 
engaged in pure and applied scientific 
research in all fields. The members of 
CNRS are drawn from 13 different sci- 
ences divided into two classes: 

Class A: Mathematics, Astronomy 
and Earth Sciences, Physics, Chemistry, 
and Biology and Experimental Medi- 
cine. 


Class B: Human Sciences. 


Although, as has been pointed out, 
there is no direct relationship between 
the two committees, their cross-mem- 
bership and cooperative attitudes go 
far toward coordinating the nation’s 


full scientific effort, and both are con- 
sidered vital to the scientific health and 
welfare of France. 


Soviet "Flying Stand”’ 
Is Described in Article 


@ A late 1957 issue of the Soviet publi- 
cation Soviet Russia contained an article 
by L. Novikov on a platform type of 
aircraft (similar to the British ‘Flying 
Bedstead”) called a ‘Flying Stand.”’ 
In a photograph illustrating the article, 
it can be seen that the craft has a ver- 
tically installed jet engine, which pro- 
trudes above the central framework, 
with the exhaust nozzle extending below. 
The pilot apparently sits beside the 
jet intake. Landing wheels are mounted 
at the inboard end of projecting booms, 
which apparently support the air jets 
for control purposes. 

The article states that the Flying 
Stand was built at a ‘‘scientific research 
institute,’ which remains unnamed. 
Personalities associated with the novel 
VTO aircraft were listed as A. N. Rafael- 
yants, designer; A. I. Kvashnin, chief 
engineer; G. I. Kobets, development 
engineer; G. M. Lapshin, engineer; 
Ya. A. Garnaev, test pilot. 

Control was mentioned as a design 
problem; Novikov stated that two 
types of controls were found suitable 
to provide both stability and maneuver- 
ability, these being (1) a type “placed 
in the jet exhaust stream”’ and (2) con- 
trols which ‘work with help of cor-- 
pressed air from the jet-engine com- 
pressor.”’ 


Electron-Sensitive Emulsion 
Developed by Moscow Laboratory 


@ A report on the June, 1957, meeting 
of the International Conference on 
Cosmic Radiation states that a Moscow 
laboratory for cinematic photography 
has developed an excellent electron- 
sensitive emulsion. Photographic plates 
covered with such an emulsion are used 
to determine the nature of nuclear 
events in experiments using high- 
energy particles from accelerators (beta- 
trons, etc.) and in cosmic-ray research. 

Heretofore the Soviets had been de- 
pendent on a foreign source for reliable 
emulsions. 
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EDITORIAL 


Space Technology and the NACA 


By Hugh L. Dryden 


This important policy statement was prepared by Dr. Dryden 
for presentation as a luncheon address at the Institute's 26th 
Annual Meeting. 

In Dr. Dryden’s absence, it was delivered by John C. Victory, 


Executive Secretary of the NACA, on January 27, 19358. 


; oe topic of our day is the new frontier, space, and 
the new challenge, the conquest of space. The escape 
of objects and man himself from the earth into space has 
long been the subject of science fiction writers and the 
comic strip artists. More recently, it has been a mat- 
ter of interest to a growing number of serious-minded 
scientists. Now, it has acquired a new sense of immin- 
ence and reality. Space travel has stirred the imagin- 
ation of man to an extraordinary degree. It is, how- 
ever, one thing to desire to travel in space and quite 
another to satisfy that desire. Early accomplishment 
of this goal will require major advances in science and 
technology. 

This effort will stimulate industrial and economic 
development. Space vehicles will open the way to 
acquisition of much new knowledge about the earth and 
the universe. They will enable development of new 
military weapons. They will bring great national 
prestige. 

The launching of the first man-made satellite on Octo- 
ber 4 of last year produced an extreme swing of the pen- 
dulum from general lack of interest in space travel, and 
even ridicule of its proponents, to expectation of early 
interplanetary flight. This essentially emotional reac- 
tion may make it extremely difficult to proceed with a 
sound program. Engineers have a special responsibility 
to be bold and imaginative, and yet they must be 
thoroughly realistic and practical. We must do our 
share in acquainting the public with the characteristic 


Hugh L. Dryden, Director 


National Advisory Committee for Aeronautics 


James H. Doolittle, Chairman 


National Advisory Committee for Aeronautics 
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difference between engineering and technology, and 
other professions and fields of endeavor. 

In many professions—for example, law, education, 
diplomacy—the spoken or written word plays a domi- 
nant role in accomplishment. The lawyer prepares a 
brief with great care, but often the key factor is the skill 
with which he pleads his case and thus persuades others 
to accept his conclusions. Lawmakers debate the 
issues and resolve them by compromise and majority 
vote. Similarly in other fields—in sales and even in 
banking. A characteristic feature is that, when the 
discussion ends in decision, the result is immediately 
at hand. There is no time lag or only a very small 
time lag between decision and accomplishment. 

In engineering there is also much discussion, debate, 
and compromise. But when decision is reached to 
build a bridge, an airplane, or a spacecraft, there re- 
mains the ‘‘hardware’’ construction. The materials 
of our physical world cannot be talked or argued into 
desired shape. There is a long time lag between the 
decision and the completion of the bridge, or airplane, 
or spacecraft. Like the time span between conception 
and birth of a child, no amount of discussion or invest- 
ment of money can reduce this time interval to zero. 
Thus travel to the moon by manned or unmanned 
vehicles will require more than discussion, decision, and 
allocation of funds. It will require much effort and 
time and will be soonest achieved by a systematic and 
orderly program of research and development. The 
public must be understanding and patient with the 
scientists and engineers in addition to providing the 
necessary funds. 

I wish to discuss with you briefly my own views as 
to what the national program should be, the role of 
research, and specifically the role of the NACA. In 
speaking of it as a national program, I do not wish 
to exclude the possibility of the program’s becoming 
an international one; its technical character would be 
the same. 

In my opinion, the goal of the program should be the 
development of manned satellites and the travel of man 
to the moon and nearby planets. I omit for the present 
travel outside the solar system since the probable travel 
times seem well beyond the adult life of an individual 
even with optimistic extrapolations of known science 
and technology. The immediate goals should be more 
limited, and these I will discuss a little later. 

There is rather good agreement that there are at least 
three general aspects of an adequate space program. 
These are (1) research in space technology to provide 
data for the design of useful and efficient vehicles, the 
provision of a safe environment for man, and otherwise 
to ensure the success of manned space flight operations; 
(2) design and development of scientific and military 
space vehicles and their launching, flight, and recovery; 
and (3) research on the phenomena of the high upper 
atmosphere and nearby space, such as the character 
and distribution of matter, cosmic rays, solar radiation, 
electric, magnetic, and gravitational fields, etc., and 
scientific studies of the universe made possible by the 


use of satellites and space platforms as observation 
sites. 

You know as well as I how eagerly those in astron- 
omy, geophysics, and meteorology—to name only three 
of the interested scientific groups—anticipate the tre- 
mendous advantages that will result from such obser- 
vation sites in space. 

The development and operation of military missiles, 
military satellites, and military space vehicles are clearly 
a military function, and it is well understood that a 
vigorous program is necessary. It is not so well under- 
stood by the general public that additional vehicles and 
operations will be required for scientific research on 
space phenomena and scientific exploration of the uni- 
verse, in addition to those employed for research in 
space technology. The national program must include 
both nonmilitary and military aspects. It is perhaps 
the nonmilitary aspects of space flight that will have the 
greatest impact on the thinking and the future of all 
mankind. 

The organization of the national effort is receiving 
much study. The President and the Secretary of 
Defense have announced the formation of an Advanced 
Research Projects Agency within the Department of 
Defense to which responsibility for military space proj- 
ects is to be assigned. Responsibility for nonmilitary 
aspects has not yet been fully determined. Some groups 
have recommended the creation of a completely new 
independent civilian agency of government to conduct 
research and development in its own laboratories or 
by contract, to contract for and sponsor development of 
components and vehicles, and to engage in space 
flight operations. Some of these proposals restrict 
the activities of the proposed new agency to nonmilitary 
projects; others include at least the research aspects 
of military projects. 

The basic reason underlying these proposals for a 
new civilian agency is plain. The scientific community, 
understandably, is worried about the possibility that 
the extremely important nonmilitary aspects of space 
technology would be submerged, or perhaps even lost, 
if included as a mere adjunct to a military program. 


There is another solution to the problem of how best 
to administer the national space-technology program, 
one which clearly recognizes the essential duality of our 
goals—the prompt and full exploitation of the poten- 
tials of flight into space for both scientific and military 
purposes. Actually, this solution is old and well tested. 
It is explicitly stated in the 1915 legislation that estab- 
lished the National Advisory Committee for Aero- 
nautics with responsibility to “‘supervise and direct 
the scientific study of the problems of flight, with a view 
to their practical solution.... The Committee 
structure of the NACA embraces both the nonmilitary 
and the military elements of aeronautics. The re- 
searches of the NACA are designed to be useful to both 
the nonmilitary and the military segments of aeronau- 
tics. The entire operation of the NACA is based upon 
the premise that coordinated teamwork effort by all 
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parties concerned provides the surest guarantee of 
progress in aeronautics. 


1 


At its meeting on January 16, 1958, the NACA 
expressed its view that the national space program can 
be most rapidly, effectively, and efficiently implemented 
by the cooperative effort of the Department of De- 
fense, the NACA, the National Academy of Sciences, 
and the National Science Foundation, 
universities, research institutions, and 


together with 
industrial com- 
Under this plan, the National 
Science Foundation in collaboration with the National 


panies of the nation. 


Academy of Sciences would plan scientific experiments 
and assign priorities for research on space phenomena for 
The 
National Science Foundation would assume responsi- 
bility for financial support of scientists in the detailed 
planning, design, and construction of special apparatus, 


basic scientific purposes as previously described. 


related research, and analysis of data for approved 
The NACA flights for 
scientific purposes when within its capabilities, or 


projects. would conduct 
jointly with appropriate agencies of the Department of 


Defense, in the successful pattern of the research air- 
The NACA would also coordinate 


and conduct research in space technology in its own 


plane programs. 


laboratories and by contract in support of both military 
and nonmilitary projects. 

Since the end of World War IT the 
engaged increasingly in research 


NACA has been 
applicable to the 
problems of space flight and has designed and con- 
structed the special aerodynamic, structural, and pro- 
pulsion facilities required for this work. For example, 
studies were formally initiated in 1952 leading to the 
X-15 research airplane project, a cooperative project 
involving the NACA, Air Force, and Navy. North 
American Aviation is now building the X-15, and it is 
scheduled to make its first flight in about one year. 
The X-15 will be used to explore problems of manned 
flight into nearby space, particularly the control of the 
attitude of the vehicle in space in the absence of aero- 
dynamic forces, the safe return from space to the at- 
mosphere without destructive heating, and the effect 
of weightlessness on the pilot. 

The NACA is also engaged in studies of satellite 
configurations suitable for safe re-entry at still higher 
speeds, both for manned and unmanned flight. The 
present program is far from adequate. Our rate of 
progress in solving the problems of space flight must be 
greatly increased. The problem is essentially one of 
extension and expansion of effort. For this purpose 
new research facilities will be needed at existing labora- 
tories and at new laboratories, including a launching 
site for space flights for research purposes. A larger 
staff will of course be needed. A greatly expanded con- 
tract research program is similarly essential to obtain 
assistance from groups with special competence in 
specific areas. Thus special talents, experienced staffs, 
and facilities of existing organizations can be pooled 
for the accelerated effort that is required. I would em- 
phasize that these organizations already have demon- 
strated that they can work together successfully and, 
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perhaps equally important, that they have established 
the necessary close relationships with the scientific com- 
munity and with industry. 

To provide material assistance in its program, the 
NACA recently appointed a Special Committee on 
Space Technology under the chairmanship of Dr. H. G. 
Stever, Associate Dean of Engineering of the Mass- 
A partial list of the 
members of the new committee includes: 


achusetts Institute of Technology. 


H. Julian Allen, Ames Aeronautical Laboratory 

Dr. Hendrik W. Bode, Director of Mathematical Research, 
Bell Telephone Laboratories 

Dr. Milton U. Clauser, Director of Aeronautical Laboratory, 
The Ramo-W ooldridge Corporation 

Prof. Dale R. Corson, Cornell University 

James R 

Robert R. Gilruth, Langley Aeronautical Laboratory 

S. K. Hoffman, 
North American Aviation, Inc 

Dr. W. Randolph Lovelace, IT, Lovelace Clinic 

Dr. William H. Pickering, Director, Jet Propulsion Laboratory, 
California Institute of Technology 

Dr. Louis N. Ridenour, Jr., Missile Systems Division, Lock- 
heed Aircraft Corporation 

Abe Silverstein, Lewis Flight Propulsion Laboratory 

Dr. James A. Van Allen, Department of Physics, State Univer- 
sity of Iowa 


Dempsey, Manager, Astronautics Division, Convair 


General Manager, Rocketdyne Division, 


Dr. Wernher von Braun, Director, Development Operations 
Division, Army Ballistic Missile Agency. 


The Committee will also include representatives of the 
Air Force and Navy not yet designated. 

This Committee will take a fresh look at the research 
and development problems of space technology and 
make recommendations as to the needed programs. The 
first meeting of the Committee has been scheduled for 
February 13. The major research fields which must 
find a place in the overall national program include 
space mechanics; space environment; energy sources; 
propulsion systems; vehicle configuration and struc- 
ture; materials; launch, rendezvous, re-entry, and 
recovery; communication, navigation, and guidance; 
space biology; flight simulation; and measurement and 
observation techniques. 

The design and development of vehicles should pro- 
ceed simultaneously with research on space _tech- 
nology. While the goal is manned flight to planets 
within the solar system, the vehicle program must pro- 
ceed in step-by-step fashion. We have something to 
learn from the U.S.S.R. experience. 
they began as did we—with a supply of German V-2 


So far as we know, 


rockets and the aid of German scientists and engineers. 
In contrast to our own development, their program 
proceeded in logical steps with consistent support from 
top government officials and at high priority. Larger 
and larger rockets were developed by the U.S.S.R. 
scientists leading to ballistic missiles of steadily increas- 
ing range, with many missiles built and fired. A 
group was organized for scientific work on phenomena 
in the high atmosphere using rockets. In addition to 
physical apparatus, animals were sent aloft, including 
dogs. 


As experience was gained and reliability in 
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. man’s adaptability, the engineer’s ingenuily, and the flight 


surgeon's abilily lo meet and solve the problems of maintaining man’s 


homeostasis in all environments will conquer the vertical frontier.” 


The Environment of SPA CE 


in Human Flight 


Sisce THE DAWN of his existence man has been con- 
quering his environment whether it be land, sea, or 
air. The vertical frontier now stands with an open 
door and beckons us on to the outer reaches of our 
planet’s atmosphere and space. The very thought of 
space has long occupied man’s imagination yet still has 
produced an awesome mental picture of a black, cold, 
hostile area of nothingness far out on the vertical 
frontier. As flight surgeons and specialists in aviation 
we are concerned with the hazards that 
this hostile environment presents for our space pilots 
of the future. 


medicine, 


In present-day aviation medicine, our 
concern has not been limited to the lower atmospheric 
shells but has encompassed brief exposures to the 
upper borders of the stratosphere (126M’) by Kincheloe. 
(M’ = 1,000 ft.) Thus aviation medicine has already 
been confronted with “‘space’’ flight problems and needs 
only to expand its interest further vertically to cope 
with the problems of true space flight. It is the purpose 
of this paper to define ‘‘space’”’ as an environment for 
man and to indicate that present-day operations are 
carried on in “‘space’’ as far as man’s physiology is con- 
cerned. 


SPACE EQUIVALENCE 


The conventional atmospheric chart showing the level 
of the exosphere with its few remaining ions of air 
at 600 miles must be discarded when we consider man, 
Dr. Hubertus Strughold published a paper in 1954 in 
which he discussed the concept of ‘‘space equivalent” 
altitudes. This study delineated a zone of ‘‘physio- 
logical insufficiency”’ starting at an altitude of 10M’ and 
extending to 50M’, a “‘partially space equivalent’”’ zone 
extending from 50M’ to 120 miles, and a “‘total space 
equivalent”’ zone above this altitude (Fig. 1). The loss 
or change of certain of the atmosphere’s properties 
create difficulty for man then at very low altitudes. 


This paper was presented at the Space Medicine Session, IAS 
26th Annual Meeting, N.Y., Jan. 27-30, 1958. (IAS Preprint 
No. 796.) 

The author is in the Department of Aviation Medicine. 


Major Charles A. Berry, USAF (MC) 
School of Aviation Medicine, Randolph AFB 


OXYGEN 


The reduction in overall pressure and resultant de- 
crease in partial pressure of oxygen creates a problem in 
supplying this vital element. The problem has existed 
since the first days of balloon flight and numerous 
means of providing adequate oxygen have been de- 
veloped. These have been summarized in Fig. 2. 
The partial pressure is such that from 10-34M’ mixtures 
of ambient air and oxygen may be supplied by an auto- 
matic regulator and provide adequate oxygenation. At 
34M’ the oxygen partial pressure in the lungs when 
breathing 100 percent oxygen is the same as when breath- 
ing air at sea level. At altitudes of 34-40M’ 100 per 
cent oxygen will suffice, but from 40-50M’ pressure 
must be added. At 50M’ the ambient pressure reaches 
levels where, due to alveolar pressures of the various 
gases, the physiological effect is the same as if there were 
no oxygen and the time of useful consciousness reaches 
a constant of 12-15 sec. 

It becomes necessary to supply the oxygen under 
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Fic. 2. 
even more pressure. In order to prevent pooling of fluid 
in the extremities as well as other complications, 
counterpressure must be supplied to the body. A 
series of partial pressure suits has been designed and 
these have provided protection up to 200M’ for pro- 
longed periods. Though his garment will protect 
against the space equivalent condition of low oxygen 
tension it still places a man at the equivalent of 40M’ 
breathing 100 per cent oxygen. A better and more 
physiological answer would seem to be the full pressure 
suit recently demonstrated by the Aeromedical Lab- 
oratory. Though there is no doubt this garment will 
protect man from the lack of oxygen, work still needs to 
continue to improve the mobility, strength, and comfort 
in order that man may withstand the rigors of a walk 
on the moon. 


TOTAL PRESSURE 
Dysbarism 


The well-known decrease in pressure with altitude 
creates many problems for man due to the gases in his 


body responding to the laws of Boyle and Henry. You 
are all familiar with the expansion on ascent and 


contraction on descent of the gases in the middle ear and 
sinuses, a phenomenon routinely experienced even in 
conventional airline flight. 
plex resulting from a decrease in total atmospheric pres- 
sure we have termed dysbarism. 


The entire symptom com- 


In addition to ordin- 
ary expansion of gases in the ear, sinus, and intestine, 
the reduction in pressure releases nitrogen 


solution in the blood and tissues. 


which is in 
This bubble release 
combined with other mechanisms probably produces 
the more severe dysbarism symptoms of bends, chokes, 
various neurological disorders and neurocirculatory 
collapse, and death. Though deaths have been few 
both in the training (pressure chamber) and operational 
(aircraft) situation, we are seeing more severe cases 
which. disable the pilot, at least temporarily and 
perhaps longer.’ breathing 100 
per cent oxygen at ground level for approximately 2 
hours has been a good prophylactic measure, as well as 
the more obvious one of maintaining the microclimate 


Denitrogenation by 
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about the man at an altitude below 30M’. Symptoms 
of severe dysbarism are rarely seen below this altitude. 


Ebullism 


Another effect of the decreased total pressure which 
is of concern to the human going to space is the so-called 
“boiling” of body fluids. Ward" has discussed the 
factors determining the onset of this phenomenon and 
suggested the term “‘ebullism’’ because boiling in com- 
mon usage carries the implication of an increase in tem- 
perature. It is important to realize that vaporization 
of body fluids begins at ground level and varies for differ- 
ent parts of the body with temperature, decreasing 
atmospheric pressure, and the solute content of the 
body fluids. Beischer' has reported studies on various 
frogs and worms exposed to 5 mm. Hg pressure for 
several hours. Marked dehydration occurred because of 
vaporization and evaporation of body fluids at the sur- 
faces. These animals were not explosively decom- 
pressed however. Intravascular ebullism will surely oc- 
cur in man with acute exposure to altitudes approxi- 
mating 63M’. As the total pressure at this altitude 
is only 47 mm. Hg—equal to the commonly accepted 
value for water vapor pressure, this altitude (63M]’) 
has been felt to represent the absolute demarcation line 
for the onset of ebullism. This is not so, however, as 
temperature and the body fluid solutes may allow this 
to vary between 63,000’ and 67,000’. Intrathoracic 
water vapor producing a vapothorax may form at 
altitudes as low as 61,500’. 


Ozone 


Spectrographic measurements both in this country 
and in Germany have revealed an area of increased 
ozone content greatest between 70 and 100M’ with little 
or none above 120M’.§ This ozone is produced by the 
action of ultraviolet, in wavelengths less than 2000 A, 
on ordinary oxygen. The atmospheric concentration 
varies with the season and with geographic location 


as shown in Fig. 3. The concentration is lower in the 


fall and higher in the spring. What significance does 
this hold for man? Clamann* has reported studies on 
the physiological effects of ozone in five human subjects. 
Though there were great individual differences in sensi- 
tivity, irritation of the respiratory tract was observed 
at concentrations as low as 0.6 ppm for exposure times 
of 30 min. Gross changes in respiratory function (50 
per cent reduction in vital capacity and onset of pul- 
monary edema) were noted after exposures to 6 ppm for 
1 hour. Its toxicity is graphically illustrated by the 
maximum allowable concentration (for an 8 hour daily 
exposure for a year) being 0.1 ppm compared to 100 
ppm for carbon monoxide and 1 ppm for phosgene or 
chlorine. The effect of ozone on rubber is well known 
and intermittent exposure of equipment such as oxygen 
masks to even 1 ppm for 100 hours has resulted in 
severe deterioration. This points up the need to use 
such ozone resistant products as neoprene, the silicones, 
or hypalon. 
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The newer compressors are capable of utilizing am- 
bient air for cabin pressurization up to an altitude of 
80M’. As exposure to heat for 1 sec. will destroy ozone, 
it has been hoped that in passing ozone laden air through 
the compressor the resultant heat would reduce the 
content to Unfortunately, the very 
efficiency of these new compressors depends on their 
speed thus reducing the contact time of air with heat 
to a level where less than 50 per cent of the ozone is 
destroyed. 


ozone zero. 


Though this absolute concentration is small, 
it is increased as much as ten times by returning it to 
near sea-level conditions in the cabin. Some filter 
design will be necessary. The photochemical produc- 
tion of nitric oxide (NO) in the region of roughly 300- 
400M’ has not been as well studied. 


Cosmic RADIATION 


Above approximately 120,000 ft. man will be exposed 
to the heavy primary cosmic rays. These rays are 
mainly protons with some nuclei of helium and other 
They arrive 
from all directions in almost equal number, so the cosmic 


elements up to at least iron and cobalt. 


ray flux may be considered to be of uniform density at 
all points. 
ticles eventually strikes a nucleus of another atmos- 


Each of these extremely high energy par- 


pheric particle creating a veritable avalanche of second- 
It is believed that the effects of this 
radiation on man will be like that of other known 
radiations (x-ray, gamma, etc.). 


ary particles. 


Meteors 


Above 400,000 ft. any vehicle will be exposed to the 
hazard of collision with a meteor which could range 
in size from a dust particle to many tons. Whipple 
estimates that an earth satellite with a radius of 20 
in. and skin thickness of 0.5 mm. aluminum will be 
This is more frequent than 
estimates made earlier by Whipple,’ and also by Grim- 
minger’ who estimated that a 1,000 sq. ft. area wouJd 
suffer a penetration hit once in about 15 
Erosion of vehicle surfaces by meteoritic dust may be a 


punctured once in 5 days.? 


years. 


more common hazard. 

The satellite projects should provide much more 
accurate information in this regard. The suggestions 
for a meteorite bumper and compartmentation of the 
cabin” are possible means of protection. 


SOLAR RADIATION 


Ultraviolet radiation, unscreened by the ozone layer, 
produces a serious sunburn hazard to unprotected man 
above 120,000-140,000 ft. Ordinary glass and most 
plastics are good absorbers of this portion of the spec- 
trum (3000 to 2100 A). 

The twilight of space has been reported by observers 
in present-day balloons and aircraft. At 400,000 ft. 
this loss of scattering power, due to the small numbers of 
molecules available, reaches space equivalence. This 
same scarcity of air molecules prevents the propagation 
of sound waves at this altitude. 
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If a body is maintained at rest in relation to the 
ambient air, a pure radiation equilibrium could be at- 
tained at an altitude of approximately 30 miles. At the 
expected speed of an orbital vehicle the radiation equi- 
librium would not be reached under an altitude of 150 
miles. The temperature equilibrium will depend upon 
many variables such as the vehicle’s position in relation 
to the other radiating bodies (the sun and the earth), 
its movement (spin or wobble), the nature of its sur- 
face, and its thermal capacity per unit area. The 
vehicle may face space, the sun, and the light or the 
dark earth all in one orbit. Piccard" reported diffi- 
culties in this regard as early as 1931 when he had 
painted one side of his balloon gondola black and left the 
other shiny. He hoped to control the temperature of 
the gondola by rotating the required side toward the 
sun. The rotation mechanism failed however with the 
black side toward the sun and the temperature inside the 
gondola rose to 95-104° Fahrenheit. If the vehicle’s 
orbit could be arranged to coincide with the great circle 
dividing the earth into its sunlit and dark hemispheres, 
it would remain in the sun’s illumination. Buettner* 
calculated the equilibrium temperatures of white, black, 
and polished aluminum surfaces both facing the sun 
and then facing the sunlit earth and the dark earth. 
These figures show a higher equilibrium temperature for 
the polished aluminum surface than for those painted 
white or black, thus suggesting painting the surface 
of spacecraft. Man's tolerance to heat requires further 
testing, but he should not be expected to endure the 
dermal pain produced by temperatures of 44.8°C.? 
The problems of heat produced by speed will be dis- 
cussed in another paper. 


WEIGHTLESSNESS 


This peculiar phenomenon has received much atten- 
tion lately and has been studied by producing it experi- 
mentally in parabolic flight in jet aircraft. The prob- 
lems of eating, drinking, performance, etc. seem 
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solvable. This is the one condition mentioned thus far 
which is not a function of altitude or distance from the 
earth’s surface. Though the force of gravity does de- 
crease with increasing distance from the earth’s surface 
it will always exert some minute force. The density of 
the atmosphere acts only to limit the duration of the 
gravity free state. The condition of weightlessness 
must be produced by the speed of the vehicle being 
such that centrifugal force balances the gravitational 
pull of the earth. 


SEALED CABIN 


Many of the above mentioned effects have been prob- 
lems faced by present day aircraft, and the pressurized 
cabin was introduced as a means of protection. The 
continued development of protective equipment attests 
to the fact that these cabins, like most man-made de- 
vices, are not foolproof or 100 per cent trustworthy. 
Even if they were this reliable, the use of such a pressur- 
ized cabin is limited by altitude, the pressure differential, 
and the heat produced by trying to compress the thin 
air. The only solution seems to be placing man 
in a sealed cabin where his microclimate can be totally 
controlled. The integrity of even this device may be 
compromised, however, likely by meteorite 
penetration. Thus a basic decision must be made as to 


most 


where the line will be drawn on providing safety and 
emergency equipment. Should we try, and is it possible 
to save the man if the best designed cabin system should 
fail? Our humanity and our pride as flight surgeons 
demand that we do the utmost to provide every possible 
means of protection against the hostile environment. 
Thus, even in the sealed cabin a pressure suit will be 
necessary in case of cabin failure and later to allow any 
exploration outside the cabin. 

The sealed cabin must be a complete synthetic world 
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The most 
critical function of this little world will be the providing 


independent of the ambient atmosphere. 


of adequate oxygen and the removal of carbon dioxide. 
Liquid oxygen will most likely be used in our early 
ventures into space. An average value of 1 cu.ft. of 
oxygen per hour must be available. 

The deleterious action of carbon dioxide on mental 
function is a time-concentration phenomenon and for 
indefinite periods should be maintained below 1 per cent 
of ground level atmospheric pressure (S mm. Hg). 
Chemical absorbents such as sodium hydroxide, soda 
lime, and other alkalies are the only practical methods 
of removal at present. Their weight will preclude their 
use on long flights however. Photosynthesis by using a 
live system (algae), and photochemical methods of 
decomposition of carbon dioxide are under consideration 
for the future. 

Temperature and humidity control must be provided 
by advanced air-conditioning techniques. Odor re- 
moval is purely aesthetic, for calculations have shown 
that the first physiological effect of flatus in a 100 cu.ft. 
cabin occupied by one man would be tearing of the eyes 
It would take 2,000 days of 
exposure to reach fatal H2S levels. 


due to hydrogen sulfide. 


Waste (urine and feces) disposal and recycling have 
been investigated recently at the School of Aviation 
Medicine. Filtration and evaporation of urine for re- 
use have shown promise. 

The psychological problems presented by the ex- 
posure of man to an isolated, uncomfortable void 
seem to be more formidable than the physiological 
A recent 24-hour ‘‘flight’’ in the School of 


Aviation Medicine space-cabin simulator pointed up 


problems. 


such problems as the extreme loneliness experienced 
even though the subject knew the simulator was still 
on the ground. 

The stresses to be encountered by the space pilot are 
thus many, and these stresses are summarized in Fig. 4. 
Careful selection for both physical and mental attributes 
will be necessary. Testing all possible stresses on 
various simulators will be a valuable tool in this 
selection. 

The problems presented by space as an environment 
for human travel are thus extensions of those en- 
countered in present-day flight. The environment of 
the sealed cabin necessary to protect the space traveler 
against the hazards of the ambient environment will 
itself produce new problems such as isolation, but this 
too has been described in jet flight as the ‘‘break-off 
phenomenon.’® I have great faith that man’s adapt- 
ability, the engineer's ingenuity, and the flight surgeon’s 
ability to meet and solve the problems of maintaining 
man’s homeostasis in all environments will at last con- 
quer the vertical frontier. 
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1 high-speed electronic computer program is presented for calculation of axially symmetric flow 
around bodies of revolution by the method of characteristics. 


The capabilities of electronic compulers 


are considered in the reduction of the differential equations of the method of characteristics 


to difference equations. 


The important computer logic portion of the program is also based upon 


the capabilities of electronic computers, as wel! as upon a knowledge of aerodynamic phenomena. 


Calculations by the Method of Characteristics 


R. D. Linnell 


Convair, A Division of General Dynamics Corporation 


a WELL-KNOWN method of characteristics pro- 
vides a procedure for numerical integration of the 
governing equations for inviscid supersonic plane and 
axial symmetric flows of a perfect gas.'~* In this 
method the original partial differential equations re- 
duce to total differential equations when integration is 
restricted to paths along the characteristics which are 
defined by 


dy/dx = tan (0 + yp) (1) 


where the inclination of the velocity vector 6 and the 
Mach angle uw are point functions of x and y in the 
coordinate system shown in Fig. 1. 

Physically, Eq. (1) shows that the characteristics are 
the local Mach lines which are inclined to the local ve- 
locity vector by the Mach angle. 
acteristic lines at any point 


There are two char- 
one inclined to the left 
of the velocity vector when facing downstream (the 
plus sign in Eq. 1), the other inclined to the right. 

The corresponding total differential equations can 
be written 


dq/q * tan uw dé = 
+ e[tan sin uw sin 6/sin (@ + (dy/y) 
(sin? u/yR')dS’ (2) 


which are called the compatibility equations because 
they are compatible only with integration along the 
characteristics. The local velocity divided by free- 
stream critical sound speed is denoted by g; the symbol 
¢ has the value unity for axial symmetric flow and is 
zero for plane flow; the ratio of specific heats of the gas 
is denoted by y; R’ is the gas constant in mass units 
eg., 1,715 ft.2/sec.? 
denoted by S’. 

Eqs. (1) and (2) determine the flow conditions at the 
hew point NV shown in Fig. 2 when conditions at the 


°F.; and the entropy of the gas is 


Mr. Linnell is Staff Scientist, Convair Scientific Research 
Laboratory, San Diego, Calif. 


nearby upstream points R and L are known. The equa- 
tions of the short-dashed segments of the characteristics 
are written in terms of the averages of @ and uw at the 
two ends of each segment, by use of Eq. (1), and solved 
for YN. 

When the differentials in Eq. (2) are written as dif- 
ferences, use of the value of yy produces a pair of simul- 
taneous linear equations for gy and 6y if dS’ is zero. 
Iteration is then employed to refine the average values 
used. Finally, all the flow conditions, pressure, den- 
sity, etc., at NV can be obtained from gy and Sy’ by 
means of the equations shown in the Appendix. When 
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Fic. 1 (left). Plane and axial symmetric coordinates. 
Fic. 2 (right). Field point calculation. 


the new point is behind a shock, the oblique shock 
equations shown in the Appendix are required in addi- 
tion to the above equations. 

Several other special cases, in addition to the deter- 
mination of a new point in the flow field just discussed, 
will be described later. 


The Computer Capabilities 


An electronic computer is made up of computing com- 
ponents and storage components of finite capacity. 
Numbers which are to be added, etc., are stored at 
locations which are designated by machine addresses 
and used in a manner similar to that of column num- 
bers used in hand computing. These address locations 
are called for in the program which guides the com- 


March, 1958 / 39 


ing | 
de. | 
rly 
ital 
for 
ent 
da 
ds 
leir 
ga | 
of 
re- | 
wn 
ft. 
ves 
of 
ive 
ion 
re- 
ex- 
oid 
cal | 
of 
up 
‘ed 
till 
are 
tes 
on | 
his 
ont 
en- 
of 
ler | 
vill 
his | 
off 
pt- 
n’s 
ing | 
yn- 
28, 


CHARACTERISTICS POINTS 
——— RAY LINES O STARTING 
SHOCK 4 O 
~~. © FIELD 
A SHOCK 


Fic. 3. 


Schematic of characteristics grid. 


putation. The /ogic is the special part of the program 
which specifies where the known-point data are to be 
found, where the resulting new point data are to be 
stored, when iteration should be stopped, etc. 

Since the storage capacity is finite, minimization of 
storage requirements is desirable when a complex pro- 
gram such as the present one is being programed. 
Another important consideration in programing an 
electronic computer is that machine time is expensive, 
so running time should be saved by eliminating un- 
necessary computational steps. 

When the program is designed, the locations of data 
must be converted into whole number addresses which 
can be used by the machine. Similarly, the logic oper- 
tions must be expressed in terms of whole numbers 
plus the numerical operations which can be performed 
by the computing components of the machine. 

Most machines will stop when given a mathematically 
impossible operation such as division by zero. When 


the machine stops on a long, complex program, it is 
desirable to have the machine print out the location 
and reason for the stoppage. Thus errors in the input 
data, or impossible cases such as bodies that would 


TABLE 1 
Sequence of Operations 


Apex Slope to obtain Raylines 
Use Right (1, 1) and Body Data to obtain Body (1, 2) 
Use Left (1, 1) and Ray 2 to obtain Starting (2, 1) 
Use Right (2, 1) and Left (1,2) to obtain Field (2, 2) 
Use Right (2, 2) and Body Data to obtain Body (2, 3) 
Use Left (2, 1) and Ray 3 to obtair Starting (3, 1) 
Use Right (3, 1) and Left (2, 2) to obtain Field (3, 2) 
Use Right (3, 2) and eLeft.(2,3) to obtain Field (3, 3) 
Use Right (3, 3) and Body Data to obtain Body (3, 4) 
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physically produce a detached shock with subsonic 
flow, can be easily found. 

These four properties of electronic computers are 
taken into account in the computer program presented 
here. 


The Difference Equation 


For machine calculation Eq. (2) is converted into a 
difference equation. Along a short segment of a left 
characteristic through a known point L, as shown in 
Fig. 2, the differential dg is replaced by gy — qz, and 
similarly for the other differentials. The values of 
q, 9, y, S’, and uw in the coefficients of the differences are 
replaced by their average between the known point 
L and the new point N. The compatibility equations 
can then be written 


gn — = — ALO. + 

B,/sin (6, + — Cy 
dr + + 
B,/sin (02 — Hr) — Cp 


GN A = 


where 
A, qL tan 
B, = eg, tan gy sin fy sin 6; (yw — (A) 
Cr = sin? fz (Sv’ — Sx’)g: 


with another set similar to Eq. (4), in which the sub- 
script L is replaced by R. 
values. 


The bars indicate average 
Usually, the averages of A, B, and C are speci- 
fied, but the present method requires fewer computa- 
tional steps. Both procedures reduce to the differen- 
tial equation in the limit of small steps. The constant 
g, depends on y as shown in Eq. (A3) in the Appendix. 


THE COMPUTER PROGRAM 


The computer program is designed to compute the 
flow at the intersections of a grid of characteristics in 
an axial symmetric flow around a body of revolution 
as shown in Fig. 3. The address system for the com- 
puter logic uses the natural coordinate system provided 
by the characteristics. The right characteristic lines 
are designated by integers m, and the left characteristic 
lines by integers m. Each point at which the flow is 
calculated is thus designated by a pair of integers (n, 
m) for machine addresses. 

In order to start the calculation, the flow in a small 
region near the apex of the pointed body is approxi- 
mated by using the flow around a fictitious tangent-cone 
formed by the nose tangents. The flow properties in 
this conical flow are constant on ray lines from the 
apex. Thus, the flow condition at (1, 1) can be deter- 
By selecting the distance L,, the body point 
(t, 2) can be calculated. Only one equation is needed 
since @ is known at (1, 2) because the flow must be 
tangent to the body. 

The starting point (2, 1) can also be determined by 
using the left characteristic from (1, 1) and the next 
outward ray. Since (1, 2) and (2, 1) are now known, 
the field point (2, 2) can be calculated. Having (2, 2), 
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the second body point (2, 3) can be obtained. Thus, 
the characteristics network is constructed, proceeding 
downward to the right along a right characteristic each 
time. 

These steps are summarized in Table 1, where each 
section comprises one complete right characteristic 
down to the body. Inspection of the table reveals an 
orderly sequence for the addresses. For example, a 
starting point is required following the calculation whose 
result is (7, -+ 1). The address for a starting point is 
found by adding | to the value of m that initiated it, 
and using m = 1 always. Only the first few calcula- 
tions are shown in Table 1 to illustrate the procedure. 


General Design 


The input data provided to the program must include 
the coordinates of the body with provision for handling 
nonuniformly spaced body ordinates. The location of 
corners—that is, points at which the slope is discon- 
tinuous—must be given. The free-stream Mach 
Numbers for which the flow is to be calculated must be 
specified. 

The choice of output data will depend upon the pur- 
pose of the general program. Data for points on the 
body surface only will usually be sufficient. The axial 
location of the point, the pressure or pressure coefficient, 
the Reynolds Number factor, pgx, the Mach Number, 
and the temperature are useful. 
cient can also be calculated. 

Three special subroutines should be used in the pro- 
gram in order to reduce requirements for machine 
storage. These are for (1) the solution of a pair of 
simultaneous linear algebraic equations, (2) the slope 
of a straight line through two known points, and (3) 
for linear interpolation between two known values. 

Iteration should be continued until the difference be- 
tween two successive values of the velocity at the new 
point is less than a small fraction of free-stream veloc- 
ity. A limit on the number of iterations should also 
be provided in order to prevent the machine from 
running away. 


The wave drag coeffi- 


If the calculated value of sin uw is greater than 1, it 
should be reduced to 1 for iteration. If the value re- 
mains greater than 1 even after iteration, the program 
should be stopped with a print out of the location of 
the point and the explanation ‘‘subsonic flow.” 


THE CALCULATION PROCEDURE 


The calculation procedure consists of evaluation of 
several types of points as identified by location in the 
characteristics network, in the manner indicated pre- 
viously. Each type of point is discussed here in the 
order in which it first appears in the body problem. 
The notation used must be converted to machine ad- 
dresses during the coding of the program. 


Conical Flow 


The program is started by calculating the conical 
flow around the nose tangent-cone. The semiangle of 


the tangent-cone is obtained from the body ordinates by 
fitting them with, say, quartics. 

For an assumed conical shock angle w, the flow on 
the rayline just behind the shock is obtained from Eq. 
(A2) in the Appendix. Then Eq. (3) is used to calcu- 
late the flow between the shock and the tangent-cone. 
The two known points are selected on a rayline, see R 
and L in Fig. 4, so that g and @ are identical for them. 
The x location of R is selected as 1; however, there must 
be no restrictions on x, such as corner location checks, in 
the conical flow calculation. The equations for the 
new rayline and RW are written and solved for xy, yy. 
Next, the location of L is found by solution of the equa- 
tions for the old rayline and NL. Conditions at the 
new point can then be obtained from Eq. (3). S’ is 
constant at the value behind the shock because conical 
flow is irrotational. Iteration is used for each step. 

Integration is continued inward until @ becomes 
larger than ¢. Then a linear interpolation is used to 
find the cone semiangle, at which ¢ = @ = 06. The 
assumed shock angle is changed until the resulting cone 
angle is equal to the tangent-cone angle. The angular 
step o needed for the above calculation is selected as an 
integral fraction, say 1/10, of the angle between the 
shock and the cone. 

The basis for the procedure for estimating and cor- 
recting the assumed shock angle is the solid part of the 
curve shown in Fig. 5. The curve is constructed by the 
machine, which uses the slope of the curve for correct- 
ing w. The zeroth estimate for w isu. = sin (1/M.). 
The corresponding cone angle is always zero. An in- 
crement, say 0.1 radian, is added to the first estimate 
to obtain a new shock angle. In succeeding corrections 
the difference between the calculated and desired cone 
angles is divided by the slope of the ¢, vs. w curve, with 
0.1 radian asa limit. The calculation can be refined by 
reducing the limit to 0.01 radian after the calculated 
angle exceeds the desired cone angle. 
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Fic. 4 (top). 
Fic. 5 (bottom). 


Conical flow calculation. 
Typical curve of ¢; versus w. 
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Fic. 6. Interpolation in Fic. 7. 


calculation. 


body point 


If the tangent-cone angle exceeds the maximum cone 
angle indicated in Fig. 5, then the calculated cone 
angles will increase until subsonic flow occurs behind 
the shock. The program can be stopped immediately, 
or the condition can be checked by reducing the maxi- 
mum shock-angle correction to 0.01 radian and repeat- 
ing the last calculation. 


Body Point 


The location of the first body point is found by 
solving the equation for a right characteristic from the 
rayline @ = ¢, at x = L, simultaneously with the fitted 
equation for the body, by iteration. 
shown in Fig. 3. 


The geometry is 
Since tan @y must be equal to the 
body slope at the new point, the compatibility equa- 
tion for right characteristics then gives gy directly. 

The distance L; is initially selected as 1/10 the body 
length and is reduced until the difference between the 
velocities on ¢ = ¢, and at the body is less than value 
required for terminating iteration in general. 

It is possible that the right characteristic line will not 
intersect the body. If this occurs after the first body 
point, a right characteristic line is constructed from the 
midpoint of the left characteristic between the previous 
point on the body and R, as shown in Fig. 6. 

When the iteration for the body point is completed, 
a test is made to determine whether a corner has been 
passed. If a corner has been passed, the angle at the 
corner is determined and either an expansion corner or 
a shock corner procedure is required. 


Starting Point 


The conical flow region is terminated by the first 
body point and a series of starting points, as shown in 
Fig. 3. The only requirement for the starting points is 
to select a geometric location on the next outward 
conical flow rayline. This is done by extending a left 
characteristic from the starting point on the previous 
rayline outward to the new starting point. The loca- 
tion of the new point is found by simultaneous solution 
of the equations for the rayline and the characteristic. 

When a new starting point has been calculated, a 
new right characteristic line can be calculated down to 


the body. Todo so, field point calculations are needed. 
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Field Point 


The calculation of a field point when S’ is constant 
was discussed in the Introduction. For rotational flow 
S’ must be determined in order to solve Eq. (3). It is 
determined by constructing an approximate streamline 
of slope tan 6, through the new point, as shown in Fig. 
7. The location of point D is found by simultaneous 
solution of the equations for the streamline and the line 
through Kk and L. The entropy at .V is then taken as 
the entropy at D, which can be found by linear inter- 
polation of the entropy values at Fk and L. 


Shock Point 


When the right characteristic from the last starting 
point, located just behind the conical shock, has been 
constructed down to the body, a shock point is needed 
to continue the calculations. The flow ahead of the 
head shock which starts at the body nose is the uniform 
free stream, but the flow ahead of a shock which starts 
from a shock corner point is arbitrarily nonuniform. 
The two cases are treated differently. 

The new point is just behind the extension of the 
shock, as shown in Fig. 8. The shock angle for the 
new segment is taken as the value for the previous seg- 
ment in the first approximation. 
the new segment is yy = ys + (xy — xs) tan B, where 
8 = w + 6, is the angle of the shock with respect to 
the x-axis. 

On the head shock the length, L., of the step along 
the shock affects the size of the grid of characteristics. 
It is taken as 1/100 of the body length. The number 
of body points that will be calculated is approximately 
one half of the reciprocal of the factor, or 50. Knowing 
L., the location of N can be calculated, and the flow 
there can be obtained from Eq. (A2). 


The equation of 


Now an iteration 
to improve the value of w is begun. 

An approximate right characteristic is run back from 
N to Z, and the location of Z is calculated. The flow 
conditions at Z are obtained by an interpolation be- 
tween Sand R. A correction, A, to the shock angle is 
now assumed, and the corresponding changes in q and 6 
are set proportional to A. The corrected values are 
substituted into the compatibility equation between 


Zand N. Only A is unknown. The corrected value 
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for wis found to be 


1 
qz — -Az6z + Bz sin (02 + fiz) — Cz — qv 26x 
ge" A;6’ 


(5) 


The derivatives g.’ and 6’, with respect to w, are eval- 
uated numerically, using Eq. (A2) and the flow condi- 
tions ahead of N. The whole calculation is now 
started over, using the new value for the shock angle. 
It is iterated twice. 

If the flow ahead of the shock is arbitrary, there will 
be previously calculated characteristics points ahead of 
the new segment of the shock. A fictitious point, F, 
is calculated by ignoring the shock (see Fig. 8). The 
new point is placed at the intersection of the extension 
of the shock and the upper fictitious characteristic 
line. The flow conditions ahead of the shock at N are 
found by interpolation between RK and F. The re- 
mainder of the calculation proceeds as for the head 
shock. 


Expansion Corner 


An expansion occurs at an outside corner such as 
that shown in Fig. 9. Several left characteristic lines 
begin at the corner and form a fan outward. There 
will be several points with different machine addresses 
but the same geometrical location—the corner. The 
fictitious point F is calculated by the normal body point 
procedure. The corner check is made after F has been 
calculated. The body surface angle on each side of 
the corner is then calculated. The angle change at 
the corner is tested. If it is negative, an expansion 
corner calculation is used. 

It is begun by interpolating between B and F to find 
the flow conditions just ahead of the corner. At the 
corner, the change in y is zero, and the entropy is con- 
stant so the compatibility equation reduces to q.1 = 


(CORNER) 
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Fic. 9, Expansion corner calculation. 


g, — Ax1(A@), where the angle change Aé@ is 1/10 the 
angle change at the corner and is therefore negative. 
Eleven points are obtained for the corner, including the 
interpolated value, and then the incomplete right char- 
acteristic is completed down to the body. 


Shock Corner 


If a corner is passed and the test indicates that the 
corner angle change is positive, a shock corner calcu- 
lation is required. The flow properties ahead of the 
shock are found by an interpolation as for the expansion 
corner. The flow deflection given by Eq. (A2) must 
be equal to the corner angle change. The shock angle 
must be found by iteration. The overall iteration pro- 
cedure described for the conical flow calculation can be 
used again. Eq. (A2) is used to calculate 6 and dé/dw 
for each assumed w. The two programs are made to 
coincide by using the Mach angle just behind the shock 
as the criterion for a detached shock, and stopping the 
program, in this case also. 


CONCLUSION 


The use of the method of characteristics for routine 
calculation of supersonic flow around axial symmetric 
bodies has been outlined. Special attention has been 
given to the extensive logic required. The discussion 
provides a basis for planning a flow chart and the cod- 
ing. If body-surface flow conditions are the desired 
output, the data for these points can be stored during 
the calculation and reduced to the desired form as a 
final step. The wave drag coefficient can be obtained 
in this phase; nonuniform integration steps must be 
handled, and provision for jumping across corners 
must be included. The grid size appears to be more 
critical as regards the drag-coefficient integration than 
for the accuracy of the flow properties themselves. 


APPENDIX 


The flow conditions at any point are related to q and 
S’ by the following equations 


sin V T) (Al) 
p = T% exp (—S’/R’) 
p = 


Here 7 is the local temperature divided by the free- 
stream isentropic stagnation temperature, p is the local 
pressure divided by the free-stream isentropic stagna- 
tion pressure, and p is the local mass density divided 
by the free-stream isentropic stagnation mass density. 
The g’s are functions of y and are given below. The 
free-stream entropy S..’ is zero. 

The flow conditions behind a segment of an oblique 
shock inclined at the shock angle w to the flow of Mach 
Number M, ahead of the shock are related to the flow 
ahead of the shock by the following equations: 
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(q2/qi)? = cos? w + REFERENCES 


sin? w (1 + g3.V,, 1 + gM,’) ' Bower, R. E., and Higman, J. H., The Numerical Solution of 
tan 6 = cot w( VM, —1)/1+,M? - M,,”) (A2) Certain Nonlinear Supersonic Flow Problems on the IBM Card 
(S.’ — S;')/R’ = g71n (geM,? — ge) 4 Programmed Calculator, Grumman Aircraft Engineering Research 
(1 + — ge ln (g5M,2) Report RE-67, 1953. 
. 2 Clippinger, R. F., and Gerber, N., Supersonic Flow over 
. : Bodies of Revolution (With Special Reference to High Speed Com- 
Here V/, = sin w, and 6 is the deflection angle caused puting), Laboratacy Report 710, Mev, 100) 
by the shock. Conditions behind the shock are de- Results of calculations on the ENIAC are given in Reports 729, 
noted by a subscript 2. The g’s are functions of y 730, and 791. 
defined as follows: * Ferri, A., Elements of Aerodynamic s of Supersonic Flows (1st 
Ed.), The Macmillan Company, New York, 1949. Also NACA 
TN 1135, 1809, 2236, 2515 and NACA TR 841, 1044, 1045, 
1 yR’ £5 + 1)/2 4 Isenberg, J., The Method of Characteristics in Compressible 
g = (y — L/(y + 1) £6 2YAY A (43) Flow, Parts I, IA and IB, Air Force Technical Report, No. F- 
g, = (y — 1)/2 g7 = 1/(y — 1) in TR-117A-ND (GDAM A-9-M 11/1). 
gy = y/(y — 1) 5 Sears, W. R., General Theory of High Speed Aerodynamics 
; (1st Ed.), Sections G. and H., Princeton Univerity Press, 1954. 
+ + 


Space Technology and the NACA (Continued from page 34) 


creased, the first satellite was launched, followed soon travel around the moon, and later by those which land 
by the second carrying the dog Laika. It is said that on it. This line of development has already attained 
Laika had already been aloft on a rocket and been safely its first objective. 


returned. Probably Sputnik II was the same type of 
rocket used in that work, now boosted into satellite 
orbit by large rockets from the ballistic missile program. 

We need a similar step-by-step program, each step 
fully tested. I think there will be needed two parallel 
lines of vehicle development—one unmanned, which 
should be able to proceed rapidly, and the other man- 


Concurrently, there should be a systematic program 
on manned vehicles. The X-15 is a research tool to 
get some experience in flight into nearby space. Other 
projects should be initiated promptly toward the goal 
of manned satellite flight. As the chief milestones are 
passed, other—more advanced—goals should be set. 


carrying, whose development will probably be somewhat We have the talents and the resources to assure that 
slower. I personally am unwilling to be a party to try- we in America can lead the way. It is imperative, for 
ing to put a brave young pioneer into orbit until his the peace and welfare of the world, that we shall lead 
demonstrated chance of successful return is much better the way. 

than 50 per cent. The earliest vehicles will be progres- As I think about what lies ahead, I am reminded of 
sively larger unmanned satellites, carrying more and the comment of Wilbur Wright voiced many years 
more complex equipment to perform more and more ago: ‘‘Itis not necessary to look too far into the future; 
difficult scientific and engineering tasks. We may we see enough already to be certain that it will be 
expect these to be followed by unmanned vehicles which magnificent.”’ 
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stationary and moving targets and, in the latter category, 


A discussion of the primary intelligence required in the case of 


the problems for aerodynamic and ballistic missiles. 


Intelligence Sources for U DAN CE | 


Arthur S. Locke 


Vitro Corporation of America 


a WORD “‘intelligence,’’ as applied in guided-mis- 
sile parlance, may be defined as the ability to sense the 
interrelationships of the target and the missile in such a 
way as to guide the missile to the target. Implicit in 
this definition, then, is the fact that information, both 
as to the behavior of the missile and the location and be- 
havior of the target, must be supplied to the missile 
guidance system. This paper will deal primarily with 
the intelligence which must be obtained from the target. 

Basically there are two categories of targets: those 
which are moving and those which are stationary. 
Against moving targets, all guided missiles have in com- 
mon the need that some portion of the guidance system 
shall observe, or sense, the target and its motion. The 
point of observation, where the intelligence is gathered, 
may vary; the target is conventionally sensed at the 
launching point or from the missile, but such observa- 
tion may also be accomplished outside the missile, as 
for example, along the line of flight. 

It is possible to sense a target—and determine its 
characteristics of behavior—by many means. A target 
may be seen; it may be audible. An aircraft or mis- 
sile may emit radiated energy as heat. In these cases 
the observer plays a passive role; guidance systems em- 
ploying such intelligence are called ‘‘passive.”’ 

Since a moving target is not cooperative by choice, 
the observer must be prepared to play a more active 
role. While he may illuminate an aircraft flying at 
night by means of a searchlight, this technique is ob- 
viously too limited. There is available, however, en- 
ergy over the entire electromagnetic spectrum, from the 
ultraviolet to the long radio waves, which may be trans- 
mitted by the observer playing an active role and sensed 
by him as a reflection from the target. One major con- 
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cern as to what part of the spectrum shall be employed 
for the intelligence source is the characteristic behavior 
of the transmitted energy in the medium through which 
it is propagated. If the medium absorbs the energy, 
then the range of usefulness is limited; if the energy is 
distorted, then the intelligence is unreliable; if the 
background emits at the same frequency, then the tar- 
get cannot be accurately distinguished, and no usable 
intelligence is obtained. 

Practical considerations govern the choice of the por- 
tion of the spectrum used for the intelligence source of a 
specific missile guidance system. These include the 
tactical use of the missile; its aerodynamic range; 
weight and space availability within the missile; air or 
surface launching; and other similar considerations. 
In general, advantages accrue to shorter wavelengths in 
the size, weight, and accuracy of the sensing equip- 
ment; conversely, the useful range of sensing equip- 
ment tends to increase with increasing wavelength. 

In considering passive systems, let us simplify by dis- 
carding target-emitted sound as an intelligence source 
and consider only radiation emitted by virtue of target 
temperature. Such ‘“‘thermal’’ radiation is distributed 
over the ultraviolet, the visible, and the infrared por- 
tions of the spectrum. The ultraviolet, consisting of 
radiation having wavelengths less than 0.4 micron, is 
relatively weak except from objects at very elevated 
temperatures and is therefore of minor importance for 
gathering intelligence for missile guidance. We shall 
omit visibility to the human as a guidance intelligence 
source, deferring to other than human detectors 
throughout the spectrum of 0.7 to 15 microns (micron 
= 10-‘cm). The larger part of the radiated energy 
emitted by objects at ordinary temperatures lies within 
this region, although, as a matter of interest, it might be 
noted that the thermal radiation spectrum extends 
essentially to infinity and can be detected and measured 
at wavelengths of 1 or 2 cm. 

The intensity of thermal radiation is a function of the 
emissivity and the temperature of the radiating body. 
Emissivity of an opaque material is a surface property. 
Any alteration, such as the roughening of a metallic 
surface, will change the emissivity of that surface. Pol- 
ished metals are generally of low emissivity. Fig. 1 
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shows the spectral distribution of energy for perfect 
emitters plotted against JX, the emissive power of a unit 
area in the wavelength interval AX. 
dicate the spectral distribution of radiated energy avail- 


These curves in- 


able for an intelligence source, if the target is a perfect 
emitter, and no atmosphere intervenes between the tar- 
get and the detector. 

The attenuation of radiation, in the infrared spec- 
trum, by the earth’s atmosphere is due to three proc- 
esses: absorption by molecular constituents; scatter- 
ing by haze, fog, or cloud particles; and scattering by 
air molecules. The physics of the processes of attenu- 
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ation are here omitted for brevity, but the result of that 
attenuation for the infrared spectrum is shown by Fig. 2. 
Here are plotted the transmission spectra of the atmos- 
phere, from approximately 0.4 to 14 microns. This 
curve presents the transmission spectrum of a 2,000- 
yard path containing a total of 17 mm. of precipitable 
water and atmospheric haze such that the transmission 
of red light of wavelength 0.61 micron is 60 per cent. 
Although such a day is quite hazy, it definitely is not 
foggy, and a large dark object might be seen against the 
horizon at about 8 nautical miles. 

The ‘“‘windows’’ in the atmosphere exist where the 
transmission coefficient is high; correspondingly, at- 
tenuation occurs at those wavelengths where the trans- 
mission coefficient is reduced to zero. No increase in 
the transparency of fog occurs in the infrared; a 
decrease in the attenuation by haze occurs at the longer 
wavelengths in this region. A decrease in the amount 
of precipitable water, from the 17 mm. shown, generally 
increases the transmission coefficients throughout, al- 
though not uniformly. 

Attenuation at the shorter wavelengths is caused 
principally by water vapor (below 4 microns); at 4.27 
microns lies one of the principal CO, absorption bands; 
water again attenuates in the 6-micron region. Ozone, 
O;, when present, attenuates sharply at 9.5 microns, and 
CO, again is the strong attenuating agent around 14 
microns. 

Detection of the emitted thermal energy may be ac- 
complished by several devices which serve to translate 
the energy received into electrical signals which may 
then be employed, by manipulation, in the guidance 
system. Fig. 3 shows three typical spectral response 
curves for photoconductive cells, two of lead sulphide, 
maintained at 293 and 90°K, and one of lead telluride 
at 90°K. These curves are relative, with the peak 
sensitivity of each arbitrarily set at unity. It does not 
follow that the cell which is sensitive over the widest 
wavelength range is the better for a given application, 
nor that the most sensitive cell is the best choice. 
Practical implications, such as cooling the cell, or availa- 
bility must be considered. 

If we combine the first three figures, we have Fig. 4. 
This rather formidable illustration shows the relative 
spectral intensity of a part of the 500°K. perfect 
emitter; the transmission curve of 17 mm. of water va- 
por; and the relative spectral response curves of the 
three photoconductive cells. If the product of these 
curves is integrated with a planimeter, Fig. 5 is ob- 
tained, showing the ratios of response to 500°K. radia- 
tion. Thus, if the several cells were of equal absolute 
sensitivity at the respective wavelengths of maximum 
response, the actual signal amplitude produced by cold 
lead telluride would be about 24 times that produced by 
lead sulfide at room temperature. 

The most obvious application for intelligence derived 
from target heat radiation is that of a passive homing 
system. Such a guidance system might be expected to 
contain a parabolic reflector or other optical system for 
increasing the directivity of the system to the radiation 
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intercepted. In any event, the effects of the use of the 
optical system must be superimposed on the intelligence 
gathering problem. Ina homing missile it is also prob- 
able that an irdome must be provided to maintain the 
integrity of the missile. The characteristics of the ma- 
terial employed in the irdome must also be considered for 
shape, structure, and transmissive abilities. 

Let us return to the situation of the moving target, 
wherein the observer plays an active role and transmits 
energy to sense, from the reflected signal, the target’s 
position and behavior. This, of course, implies the use 
of a precision tracking radar, located either in the missile 
or elsewhere as part of the guidance system, to obtain 
guidance intelligence. 

When the radar is located in the missile and both 
transmits and receives, the guidance system is called an 
active homing system. If the illuminating transmitter 
is located outside of the missile (as at the launching 
point) and the receiver only is in the missile, this is a 
semiactive homing system. If the target and missile 
tracking radars are located on the ground and the target 
and missile are both tracked, the missile is guided by 
Lastly, if a 
radar tracks the target and the missile rides the center of 
the radar beam by self-contained means, we have what 
is known as a beam rider. 

Since the previous generalization that size, weight, 
and accuracy of the sensing equipment favor the use of 
shorter wavelengths still applies, the shorter radio wave- 
lengths are of primary interest to the radar designer for 
the moving target. In general, precision tracking radar 
would be expected to use the superhigh-frequency radio 
band, having a wavelength range of from 1 to 10 cm. 
The final choice of frequency for the intelligence source 
is usually based on many factors, two of which are the 


availability of components and transmission character- 
istics, 


commands—hence command guidance. 
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and 90°K., and PbTe at 90°K. for 500°K. source 
and 17 mm. of precipitable water. 


In common with the infrared frequencies previously 
discussed, radio waves are attenuated in their passage 
through the atmosphere by absorption and scattering. 
Oxygen, water vapor molecules, precipitation in all its 
forms, and foreign matter such as dust all absorb or scat- 
ter radio wave energy. The atmosphere opens up to the 
transmission of radio waves only when the frequency 
becomes high compared with the rotational frequencies 
of the water molecule, which occurs in the infrared rather 
than the superhigh radio frequency region. Fig. 6 indi- 
cates the attenuation of radio waves in the superhigh 
and long infrared bands. As these curves are plotted, 
the spikes show attenuation rather than high trans- 
mission coefficients as previously illustrated in the in- 
frared spectrum. The attenuating bands of oxygen and 
uncondensed water vapor are clearly shown, and equally 
clearly they indicate wavelengths to avoid. Theoreti- 
cal attenuation by rain is shown on Fig. 7. 
visibilities are also indicated. 


Relative 


When the observer employs an active role, he is free 
to employ methods which increase his ability to obtain 
target intelligence under inhibiting tactical conditions. 
A modern radar system is a complex collection of car- 
riers and subcarriers and includes both amplitude and 
frequency modulation of them. Precision tracking ra- 
dars are of many basic types. Principal among them 
are the pulsed radar, the continuous-wave Doppler 
radar, and the pulsed Doppler radar. 


A pulsed radar gates the target in range; in other 
words, tracking intelligence is obtained from all echoes 
within the range gate. The range gate employs a tar- 
get-velocity memory; when the target is in motion, in- 
creasing or decreasing the range, the time constant of 
the range rate mechanism is such that the gate continues 
momentarily to follow the target, even though it may be 


obscured by other objects at the same range. However, 
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Fic. 6 (top). Theoretical values of atmosphere attenuation by 
oxygen and uncondensed water vapor at sea level for temperature 
of 20°C. in an atmosphere containing one per cent water mole- 

cules. 


intensities: (A) Drizzle, 0.25 mm./hour and (B) Heavy rain, 
16mm./hour. Dashed curves show attenuation by fog or cloud 
of the following intensities: (C) Visibility, 2,000 ft. 0.032 g/m 

and (D) Visibility, 100 ft. 2.3 g/m? 


continued interference will degenerate tracking accu- 
racy, or the target may be lost completely. 

A continuous-wave Doppler radar gates the target as 
a function of velocity; in other words, tracking intelli- 
gence is obtained from all echoes moving at the same 
velocity. A moving target can therefore be isolated 
from large stationary targets but not from other targets 
moving at the same velocity. Range to target measure- 
ment is complex. A pulsed Doppler radar combines 
the range measuring ability of the pulsed radar with the 
clutter-rejection qualities of CW Doppler. On such a 
radar, the pulse delay is used to gate in range; however, 
only those echoes affected by Doppler shifts are allowed 
to actuate the tracking circuits. 

The primary intelligence required in the case of sta- 
tionary targets involves totally different considerations 
than those indicated ir the previous discussion in con- 
nection with moving targets. In the interests of brev- 
ity, only surface-to-surface guided missiles of long range 


48 / Aeronautical Engineering Review 


will be discussed. In such cases the target is usually 
large in size. The principal intelligence required is the 
accurate location of the target with respect to some 
standard reference such as the latitude and longitude, in 
terms of the earth’s conventional reference. It is 
usually necessary to know accurately the location of the 
launching point in terms of the same reference. Two 
major subdivisions of guidance system problems exist: 
(1) that for aerodynamic missiles and (2) that for bal- 
listic missiles. 

An aerodynamic missile, despite the fact that it will 
fly at supersonic speeds, has a relatively long time of 
flight and may be considered amenable to guidance dur- 
ing the entire flight. A ballistic missile, on the other 
hand, has a short time for flight and is susceptible to 
guidance only during its propelled flight. 

Let us first consider the aerodynamic missile. By 
reason of the long time of flight, the use of inertial de- 
vices as the sole means of guidance may be quickly dis- 
carded since errors in an inertial system tend to increase 
with time. Inertial systems may be used as the pri- 
mary source of guidance if a means can be employed for 
monitoring the accuracy of the flight path, either con- 
tinually or at discrete points along the path. In addi- 
tion, the concept of employing homing terminal guid- 
ance may be considered. 

To monitor a long-range flight, some form of naviga- 
tion must be employed. The primary forms of naviga- 
tion presently in use by aircraft and ships are adaptable 
as sources of missile guidance intelligence. 

Historically, the earliest form of long-distance naviga- 
tion is by use of knowledge of behavior of the planets or 
the stars. Theoretically, there is no difference in the 
concept of navigating an aerodynamic missile between 
two points on the earth’s surface as compared to a con- 
ventional aircraft. In practice, the development of 
automatic sensing equipment for missiles to accom- 
plish this task with the necessary accuracy is an ex- 
tremely formidable one. Navigation under human 
guidance has always had the advantage that the naviga- 
tor can see his destination during the last few miles of 
his voyage. However, for a guided missile to be suffi- 
ciently accurate, the navigation must be an order of ac- 
curacy better than the human navigator can usually 
accomplish. In the case of celestial navigation, intelli- 
gence as to present position of the guided missile is 
continually monitored by tracking stars automatically. 
This information is combined with the output of an ade- 
quate mechanical memory so that any deviation from 
the desired flight path may be computed and corrected. 

Fig. 8 shows an inertial celestial guidance system and 
is employed as an example of how more than one type of 
guidance intelligence may be used in a single guidance 
system. The star trackers might employ a photocon- 
ductive cell for tracking the stars. The star trackers 
could be located on a stable platform fixed in space by 
means of inertial elements. The progiam track com- 
puter develops the present position of the missile; in 
turn, the position is compared in the computer with the 
desired missile trajectory. The vertical sensing unit is 
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concerned continuously with the specific force and direc- 
tion of gravity as the missile moves in its trajectory. 
The altimeter measures the height of the missile above 
the ground; the autopilot of the airframe employs in- 
ertial elements; lastly, a terminal guidance system 
might sense some unique characteristic of the target to 
guide the missile to it. 

Another well-known means of navigation involves the 
use of radio navigation nets. There are many forms of 
such navigational nets disclosed in technical literature. 
Radio transmission in the medium- and high-frequency 
ranges is usually employed; the radio waves of these fre- 
quencies travel upward to the ionized layers of the at- 
mosphere and are then refracted to the earth. Com- 
munication may be carried on across great distances 
with relatively small transmitting antennas and low 
transmitter power outputs. However, such trans- 
mission is affected by such factors as the time of day, 
season of the year, and meteorological conditions. In 
employing radio navigation for missile guidance, it is 
obvious that a system type which does not require radio 
response by the missile is more desirable than one in 
which the missile broadcasts its presence. Other means 
of obtaining guidance intelligence by earth references 
such as magnetic field, etc., are not sufficiently accurate 
for the purpose. 

In the case of the ballistic missile, guidance is con- 
ventionally employed only during that portion of the 
missile’s flight when propulsion forces are exerted. 
During this time the missile must be placed at a position 
on a proper trajectory, with the correct velocity vector, 
at the time of propellant burnout. The missile then 
travels along its trajectory unaffected by any forces 
other than those normally associated with the rotating 
earth and its planetary system—i.e., gravity, Coreolis, 
sun, moon, etc. At first glance, the most desirable form 
of guidance intelligence during the propelled phase of a 
ballistic missile is that derived from inertial mechanisms 


plus a convenient memory system. This permits a 
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comparison between the actual flight path and the de- 
sired flight path so that any discrepancy may be cor- 
rected during the propelled flight. While this sounds 
easy to accomplish, equipping a ballistic missile with in- 
ertial devices of sufficient accuracy to accomplish its 
mission adequately is difficult indeed. The alternative 
to a purely inertial system for ballistic missiles is a com- 
bination of radio and inertial equipment. In this case, 
measurements by radio waves of the missile’s trajectory 
during its propelled flight are made so that corrections 
during the flight may be imposed upon the inertial sys- 
tem. 

In addition to the principal guidance intelligence 
sources mentioned individually in this discussion, we 
have illustrated that guidance systems almost invari- 
ably employ more than one intelligence source in com- 
bination with another. If we were to catalog all possi- 
ble combinations, an extremely formidable list would 
result. It should be noted with interest that the major- 
ity of the possible combinations have been tried experi- 
mentally and that the most promising are now repre- 
sented in missiles either in, or nearing, operational use. 


+ + 
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Keep Posted on New Aircraft & Missile Products and Product Literature 


Make it a habit to check the Aeronautical Engineering Review's “New Products Section” every 
month. Located at the end of each issue, it contains a complete review of all recently announced 
new product developments and product literature of special interest to the aeronautical profession. 
Handy postage-paid Inquiry Cards are included for your convenience in requesting additional 


Make It a Habit—Use the ‘‘New Products Section’ Every Month 
AERONAUTICAL ENGINEERING REVIEW 


March, 1958 / 49 


ally 
the 
in 
is 
the 
wo 
cist: 
bal- § 
will | | 
eof | 
lur- 
ther | 
e to 


The following recommendations, based on experience with tension and compression 
types of duct systems on two different aircraft models, are offered for consideration: 
Pneumatic systems should be placed in the same priority category 


as prime aircraft structure. 


A lension system, because of ils relalive simplicity and lighter weight, 


is preferred over a compression syslem. 


A specific sel of duct and brackel design criteria should be established. 


Pneumatic System Design —— 


a and turboprop aircraft engines afford a 
relatively inexpensive source of energy (compressor 
bleed air) for driving accessory equipment, cabin pres- 
surization, air conditioning, and anti-icing. Bleed air 
is transported from its source to the various systems 
components by means of ducting systems. Ducting 
must be lightweight yet sturdy enough to contain air at 
a temperature of 800°F. and a pressure of 300 psig. 
The installation must be rigid and at the same time 
flexible enough to accommodate thermal growth, struc- 
tural deflections, and component tolerance accumula- 
tion. 

To compensate for the various motions, several types 
of flexible connector are included in the tension or com- 
pression type of ducting system. System integrity is 
assured by the utilization of varied permanent and re- 
movable duct connectors, and the complete system is 
supported by brackets of several basic types. 


DESIGN CONSIDERATIONS (REQUIREMENTS) 


Two basic aircraft models—one a twin-engine turbo- 
jet, the other a four-engine turboprop—presented a 
number of varying design considerations. Operating 
air pressure and temperature maximums of 230 psig and 
750°F. were defined in engine performance curves. In 
order to contain and deliver air to the various systems, 
the following design considerations, which generally 
apply to all systems, had to be satisfied. 


Safety 


The safety of both the occupants and the aircraft is 
a prime item. A component failure (duct rupture) due 
to poor pneumatic system design may result in (1) per- 
sonnel injury by exposure to extreme ambient tem- 
peratures or through the loss of pneumatically driven 
aircraft systems and (2) structural damage through 
overpressurization or overheating. 


Mr. Dymkowski is an Air-Conditioning Engineer, Long Beach 
Division. 
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J. V. Dymkowski 
Douglas Aircraft Company, Inc. 


Weight 


All aircraft component weight is considered a deter- 
rent to overall aircraft potential. Growth factors of 10 
for specific fighter-type aircraft and 5 for a transport 
type have been expressed. Therefore each item must 
be carefully considered from a weight aspect. 


Motion 


(1) Due to Thermal Growth—Duct systems must 
incorporate provisions to permit relative growth of ap- 
proximately 0.1 in./ft. of duct length due to the tem- 
perature differential between duct and mating struc- 
ture. 

(2) Due to Structural Movement—A major portion 
of the pneumatic duct system is usually housed within 
the ever-flexing wing and fairing-type engine and land- 
ing-gear pods. Structural deflections in the order of 0.1 
in./ft. of wing span and as great as 3/4 in. between fixed 
items within the pods are within the realm of possibility 
and must be considered. 


Assembly 


Variations in complex production assemblies make it 
necessary, in some cases, to allow for a linear adjustment 
of 5/8 in. in a 6-ft. span. 


Replaceability 


It is desirable to make possible the removal and inter- 
changing of short duct sections for the purposes of in- 
spection, access to other items in the area, and replace- 
ment in the event of duct damage. 


Space 

Duct routing is usually complicated because the avail- 
able space must generally be shared with other systems. 
Fig. 1 presents a fine example of this point. The space 
available plays a major role in the final system type 
selection. 
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Duct SYSTEM TYPES 


In order to satisfy design considerations, the designer 
makes use of a tension- and/or compression-type duct 
system. 


Tension 


In the tension-type system, the ducting is held rigid 
with brackets at a given point and allowed to move or 
“float” away from thisrestraint. All other brackets are 
of the guide type and are designed to support the duct 
weight and to ensure duct travel in a specific preselected 
plane. Thermal growth is allowed by duct system 
growth, and bending is restricted to restrained flexible 
connectors of the ball or bellows type. The ducting is 
primarily subjected to tension loading since no compres- 
sion load inducing restraints are employed. Therefore 
the pneumatic load is not transmitted into the struc- 
ture. (See Fig. 2.) 


Compression 


The compression-type system is held rigid with 
brackets at the extreme ends. The ducting is not pes- 
mitted to ‘‘float’’ but rather is maintained firmly to 
prevent squirming, binding, and/or excessive ball-joint 
leakage. The system is designed to transfer duct mo- 
tion by compression of bellows or slip joints. Since all 
motion is directed toward the growth-absorbing unit, 
away from the fixed end supports, the ducts must be 
capable of withstanding pneumatic and thermal loads in 
compression. (See Fig. 3.) 

The tension system is generally the lesser in weight; 
however, it requires more space for duct movement. 
Because of the limited load capabilities of the guide- 
type supports, a single failure may result in the failure 
of a large portion of the duct installation. The com- 
pression system, in addition to the pneumatic and ther- 
mal loads, must make provision for considerable side 
load. This, coupled with the inherent instability of the 
free bellows, requires the system to be more sturdy and 
thus imposes an important weight penalty. Because a 
compression system of any considerable length is com- 
posed of many short, self-contained systems or duct 


runs, a single component failure will not result in the 
loss of a considerable portion of the duct installation 
but rather will be confined to a specific short segment. 
The compression-type system requires a more precise 
analysis because of the magnitude of types and com- 
binations of loads which may be encountered. 


Systems Used by DAC LB 


Initial experience with engine compressor bleed air 
systems came with the design of the twin-engine jet 
model. This aircraft is a typical high-performance 
model with maximum air temperatures and pressures of 
750°F. and 230 psig. A minimum of space was avail- 
able for the installation of the required 3 '/»-in. diameter 
ducting. The limited space consideration strongly in- 
fluenced the final decision to install a compression-type 
system in this model. A major portion of the pneuma- 
tic system consists of 0.035-in. to 0.042-in. wall gage 
ducting. The ducting begins at the nacelle and is 
routed through the pylons and wing toward the fuselage 
where it is joined with the various systems components. 
All duct connecting flanges were of the flat-faced ma- 
chined bolted type, with recessed grooves for O rings, 
both metallic and silastic, which were used for sealing. 
Newly developed ball and slip joints were installed to 
accommodate relative motion. 

The four-engine turboprop model which followed 
evolved with both basic systems—a compression-type 
system in the wing which connects the four engines and 
tension-type systems in the fuselage and landing-gear 
pods where all the major system components were 
located. Bleed air limits of 110 psig pressure and 550° 
F. temperature were presented, and pneumatic ducts up 
to 7 in. in diameter, with the majority 5 in. in diameter, 
were established. Free bellows, ball joints, knuckle 
joints, and newly developed commercial sheet metal 
duct flanges and vee band couplers were designed into 
the prime air systems. 


Duct CONNECTORS (FLEXIBLE) 


A large variety of duct connectors, both flexible and 
rigid, have been used to permit required movement and 
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Tension-type system. 
Compression-type system. 
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ALL UNITS (EXCEPT AS NOTED) SUCCESSFULLY WITHSTOOD 8 
PROOF AND 255-PSIG BUPST PRESSURES AT ELEVATED TEM 


This section deals with 
those with which we are most closely associated. 


to maintain system integrity. 


Bellows 


Bellows can be placed into two general classes—free or 
unrestrained, and restrained. (See Fig. 4.) 


Free or Unrestrained 


A free unit is nothing more than a convoluted duct 
(Fig. 4), usually of multi-ply construction. It is rela- 
tively light and compact and therefore can be installed 
in a limited space. 

Table 1 reflects data gathered from tests of several 
5-in. ID bellows. The live length (3'/. in.) and number 
of convolutions of each specimen were held constant. 

The results of this program confirmed that bellows 
spring rate was not appreciably increased as a result of 
the life cycle test. In fact, it was demonstrated on 
several occasions that the force to affect motion was 
actually lower after the application of 5,000 cycles. 
Although no definite pattern of force to move vs. ply 
combination was detected, it was indicated that the 
bellows length and convolution height encourage in- 
stability which will result in squirming or system failure. 
This consideration requires substantial restraint provi- 
sion for inline control which provides a major penalty of 
added weight to the aircraft. 

It was also confirmed that this type of unit is capable 
of a total excursion equivalent to 25 per cent of the total 
convoluted or live length, 15 per cent for compression 
and 10 per cent for expansion. However, it should be 
noted that this is an extreme movement and should be 
avoided. A more acceptable maximum of 20 per cent 
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of the total convoluted length, 15 per cent for compres- 
sion and 5 per cent for expansion, is recommended. 

As a result of this and other similar programs, the 
following limit capabilities, which have been success- 
fully applied, were established. 


Axial offset 0.02 in./in. of convoluted length 

Angular deflection 5 

Ratio of convoluted length to 
unit diameter 

Convolution height 


tol 

3/8 to 1/2 in. 

15 per cent of convoluted length 
5 per cent of convoluted length 


Compression 
Expansion 


It is emphasized that these limitations are rules of 
thumb, gathered from a limited number of tests which 
were necessary because of lack of manufacturer’s design 
information for a specific application, and are by no 
It is suggested 
that development tests be conducted to evaluate vari- 
ous designs for each specific set of design considerations. 

From these and vendor development tests evolved a 
specific production item which is of two-ply construc- 
tion, each ply 0.010 in. thick. 
3/8 in.; 


means intended for universal usage. 


Convolution height is 
15 per cent compression and 5 per cent exten- 
sion are affected for a reported force of 125 and 40 Ibs. 
respectively, while a 0.070-in. offset with ends parallel 
requires an approximate force of 40 Ibs 


Restrained (Braided) 


Bellows of a multi-ply construction, the same as the 
free, incorporating some means of self containment are 
Restraint is accomplished by any of 
several means, such as external metal braid (Fig. 4) ora 
knuckle type of mechanism which may be in the form of 
internal or external links, tie rods, or spherical bearings. 

The braided type (probably one of the most popular) 
is the least desirable of the lot because bending under 


called restrained. 


A 3'/s-in. diameter 
unit of 3°/s-in. overall length, under 200 psig pressure, 
required a moment in excess of 3,000 in.Ibs. to effect 
bending of 3° 


air pressure is extremely difficult. 


This condition is largely because the 
braid will not increase in length and bending must be 
accomplished by actually compressing one half of the 
bellows unit while holding the other half taut. This 
characteristic means that the braid must be of sufficient 
size to preclude failure under bending when approxi- 
mately one half of the braid is required to carry the full 
load. In addition, unless the braid is uniformly at- 
tached, it will create local stress concentrations at 
points of contact with the bellows which will adversely 
affect the bellows life. 

The braided bellows is as compact as the free bellows, 
but because it is self-restrained it is less susceptible to 
squirming. It is heavier but not more so than the 
weight of a free bellows and its associated restraining 
brackets. 


Restrained (Knuckle) 


Of the entire bellows family, the popularity and usage 


of the knuckle or tie rod type is on the increase. This 
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design offers self containment for about the same weight 
asa braided unit. The choice of an internal or external 
load carrying device is dependent on specific design con- 
siderations. The penalties are obvious. Internal ties 
impose a pressure drop increase, while an external link- 
age requires a greater space envelope and imposes an 
additional weight increase. In addition, this unit per- 
mits only bending motion since the restraining feature 
precludes linear movement. Tests on a knuckle joint 
of the same dimensional envelope and under identical 
test conditions as the braided unit mentioned earlier in- 
dicate that bending up to 5° could be accomplished with 
less than 560 in.lbs. moment. 


Slip Joints 


The prime purpose of a slip joint is to accept relative 
lineal duct changes. This unit is in reality a double- 
walled duct with a sealing member in between. The 
motion is, as the name implies, of the slip type. This 
unit permits relatively large motion within a reasonably 
compact envelope at a moderate weight penalty. 
Service to date on 3- and 3'/»-in. diameter units designed 
to provide 1'/,-in. total travel has been satisfactory. 
However, it is known that the concentricity of the seal, 
a metal reed type, is somewhat critical, and unit mis- 
alignment tends to either unseat or permanently dam- 
age the seal with a resulting increase in air leakage. 
Maximum leakage of 0.15 Ib./min. is acceptable for a 
3'/.-in. diameter unit under all pressure conditions up 
to 230 psig. This unit, because of the pneumatic load- 
ing and concentricity demanded, must be contained in 
a manner identical to that used with unrestrained bel- 
lows. (See Fig. 5.) 


Ball Joints 


A ball joint is capable of a rotational and bending 
motion, but it does not permit lineal travel. An ex- 
penditure of several thousand man-hours has been 
devoted to the search for a satisfactory 5-in. diameter 
unit capable of + 10° bending and 360° rotation at less 
than a 70 ft.lbs. moment, and 5,000 functional cycles 
while under any combination of pressures and temper- 
atures from 1/2 to 110 psig and —65° to 550°F. Since 
it is thought that a complete review of the overall ball 
joint program should in itself be the subject of a separate 
presentation, only a brief review will be made here. 

During the past 3 years, more than 70 different test 
units—the efforts of some ten manufacturers—have 
been evaluated. The units thus far compared fit into 
two basic classifications, internally supported or with- 
out internal support. All of the units shown in Fig. 6 
under classification 1 employ a central load carrying 
spherical bearing and weigh approximately the same 
(about 6 Ibs.). Designs la and lb differ from lc in 
sealing principle design. Design lb differs further from 
the other two in that it includes an additional set of ball 
bearings to further ease motion. 

The designs under 2 are common only by reason of 
the fact that a central support is not used. Design 2a 


utilizes a metal seal and is dependent on metal-on-metal 
rubbing or sliding for motion, while 2b makes use of a 
nonmetallic seal and includes two different sets of 
bearings. 

Although 2a is the most compact of the group, it is 
the most difficult to move. Conversely, 2b presents 
the largest overall diameter (8 in.) and is the heaviest of 
the group (about 8 Ibs.), but it is the easiest to move. 
Motion of all units, except 2a, can be accomplished with 
less than the mentioned 70 ft.lbs. The breakaway or 
initial force required to effect motion is usually higher 
than the force required to continue motion. This 
principle is directly opposite to that associated with a 
knuckle joint where the force increases as does the angle 
of bending. 

The “‘life’ of the spherical bearing is limited, and 
failure of it will result in a system failure since this type 
is not self contained as are the units under 2. In 
addition, metallic or reed seal concentricity is import- 
ant. Centrally supported units impose a _ pressure 
penalty which the units under 2 do not. 

To date a completely satisfactory unit has not been 
found. 


Ball and Slip Joint 


A ball and slip joint offers all of the types of motion 
thus far mentioned in one relatively compact package. 
This arrangement affords a weight-saving since attach- 
ing flanges, clamps, or bolts are eliminated by welding 
together the ball and slip units. This method also 
eliminates a possible source of air leakage at the con- 
necting point. Since this unit is nothing more than 
a marriage of a ball and slip unit, all of the comments 
under these units apply. (See Fig. 5.) 
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Fic. 5 (top). Ball and slip connectors. 
Fic. 6 (bottom). Ball connectors. 
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Other Flexible Connectors 


Omegas, loops, and Z bends are the simplest of all 
motion-compensating units but require considerable 
space, which is normally at a premium 

A minimum of test data and no service experience is 
at hand on the compensating joint shown. This unit 
requires considerable space, and visual inspection of one 
of the bellows components is not possible. This unit 
See Fig. 


does reduce bracket requirements. 


New Developments 


For some time, manufacturers of flexible duct con- 
nectors have been encouraged to investigate the possi- 
bility of designing a knuckle joint with a rotating end. 
Such a unit could fulfill all of the requirements thus 
far established for a ball joint and could probably be 
produced in a more compact envelope. It is expected 
that a desirable weight-saving would also be effected. 
Achieving a satisfactory seal at the rotating mechanism 
is the one major obstacle which must be overcome. 


Ricip DucT CONNECTORS 


Permanent 
Several permanent duct connections (splices) are 
used; Fig. 8 defines the basic combinations. 
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CONFIGURATIONS BEING EVALUATED 
Fic. 7 (top). Expansion units. Fic. 8 (center 
Fic. 9 (bottom). Duct connectors. 


Duct splices. 
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In service, the separation of a type B1 splice led toa 
thorough study and reappraisal of all brazed joints, 
The tolerance requirements for proper braze penetra- 
tion were found to be so rigid as to require laboratory 
controls which obviously could not be accomplished in a 
production-line type of operation. Subsequent burst 
tests substantiated this theory since the results were 
erratic. All brazed ducts were immediately reworked, 
and brazed pneumatic duct splices were outlawed for 
all new designs. 

Since the bulk of the data on duct splices is analytical 
in nature, an extensive test program designed to furnish 
bending fatigue strength data is now under way. Some 
59 specimens are presently scheduled for this program. 


Removable 


The various types of duct connectors (Fig. 9, types A 
and B) used to date could stand improvement. Type 
A is cumbersome, heavy, and requires the installation 
of several time-consuming nuts and bolts. Type B is 
heavy and demands a high nut torque for proper as- 
sembly; it does incorporate a major advantage over 
type A since only one nut must be tightened. Both 
types include gaskets for seals which can easily be mis- 
installed. Both also demand unreasonable exactness 
of alignment. 

An industry-wide search for a more efficient combina- 
tion is now in progress. Some six different connector 
manufacturers profess to have designs which surpass 
those now in use (some of these are schematically shown 
in Fig. 9 under type C). These manufacturers have 
been requested to furnish specific test, assembly, and 
installation data which were outlined in a preliminary 
data request questionnaire. In addition, supplemental 
evaluation comparison tests are being conducted at 
DAC. 

Some of the gains which are envisioned are (1) weight 
reduction; (2) easier installation due to gasket elimina- 
tion, less critical alignment requirements, and lower nut 
torque requirements; and (3) incorporation of a safety 
lock or catch which will prevent duct separation in the 
event of a bolt or nut failure. 


DESIGN CRITERIA 


Substantiation by test of currently used design cri- 
teria is being pursued. Available experimental evidence 
on life or endurance of duct systems is meager. There- 
fore the present criteria must include high margins of 
safety. The design criteria for ducts and brackets are 
influenced by (1) the dire consequences possible in the 
event of a failure, (2) lack of test data, (3) inconsisten- 
cies in manufactured parts, (4) operation at elevated 
temperatures, and (5) the variety and combinations of 
loads which may be encountered. Part of the criteria 
used in the pneumatic duct system design is as follows: 


Ducts 


Material yield stress is compared with the combined 
stresses due to: 
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(1) Two times operating pressure. 
(2) Deflection due to operating temperature. 
(3) Limit deflection of basic structure. 
Material ultimate stress is compared with the com- 
bined stress due to: 

(1) Four times operating pressure. 

(2) 150 per cent deflection due to operating tempera- 
ture. 

(3) Ultimate deflection of basic structure. 

Duct assemblies directly connected with high bending 
moment flexible joints are subjected to more stringent 
criteria in respect to deflection. 


Supports 


The maximum combination of loads due to pressure, 
thermal growth, and aircraft deflections is multiplied 
by a factor of one and one half, and the resulting stresses 
in the brackets are to be less than yield or two thirds of 
the allowable crippling stress, depending on which is 
applicable. This criterion is applied to steel brackets 
which comprise the majority of the brackets used. 
For aluminum brackets, the pressure load is multiplied 
by 2.25 and the resulting stress is to be less than ulti- 
mate or allowable crippling stress. The minimum load 
for any bracket is 200 lbs. 


Assembly 


Means of lessening manufacturing assembly problems 
associated with tolerance build-up during pneumatic 
system component installation should be considered in 
design. This criterion is satisfied by allowing as much 
as 30 per cent of the design motion of the flexible con- 
nectors for this purpose. In addition, several forms of 
bracket adjustment are normally included. 


TESTS 


A variety of tests is necessary to ensure a successful 
design. Some of our test practices and major test pro- 
grams follow. 

In order to ensure a satisfactory level of duct quality 
in production, each duct assembly is subjected to a 
pressure twice the maximum operating pressure ex- 
pected at ambient temperature. In addition, each air- 
craft installation is proof pressure tested at 1'/; times 
the maximum operating pressure and at elevated tem- 
perature. 

A burst test at elevated temperature on each pneuma- 
tic duct component is conducted on the thinnest of 
three chosen at random from each first production lot 
fabricated. As expected, failures at below the design 
burst pressures of four times maximum operating pres- 
sure were experienced. Several formed parts in which 
the reduction in material thickness was as much as 50 
per cent proved unpredictable. However, for a given 
configuration the material thickness variation was found 
consistent, thus allowing reinforcement of the thinned 
out regions. The survey established the critical areas 
to exist in the flat portions of duct intersections such as 
wyes and tees and at the crotch of intersections near 


Fic. 10. Pneumatic duct development cycle. 


Fic. 11. Pneumatic duct system failure. 


the weld line. Addition of doublers in the critical areas 
ensured satisfactory compliance with burst pressure 
requirements. 

Fig. 10 demonstrates the complete cycle (before burst 
test, after burst test, and final reinforced configuration) 
of one of the configurations mentioned. 

A complete mock-up of the wing pneumatic system 
was tested under conditions of limit wing deflection, one 
and one half times maximum operating pressure, and at 
maximum operating temperature. During the initial 
phase of the test, failures at test pressures just below 
the target pressure mentioned (similar to the one shown 
in Fig. 11) were sustained. The ducts are in compres- 
sion because of duct growth from heat and the end loads 
produced by the convolutions in the free bellows. The 
system as shown was essentially a column with several 
pin joints. Rotation of the anchor bracket due to end 
load caused ‘axial misalignment and subsequent bellows 
squirming and collapse of the duct. Additional failures 
were incurred because other supports allowed rotation of 
the nacelle ‘‘tee.”” Successful completion of the test 
was made possible primarily by adding “‘tee’’ duct 
stabilizing supports and widening the wheel base of 
the anchor bracket. 

The life of the pneumatic duct installation was at- 
tested by a fatigue test of a representative portion (ap- 
proximately 1/4 of the wing pneumatic ducting) of the 
wing pneumatic system. This portion of the duct sys- 
tem was subjected to cyclic loading in which tempera- 
ture, pressure, and deflection were cycled. A total of 
15,000 deflections to wing limit deflection, 7,500 thermal 
cycles from —45° to 550°F., and 7,500 pressure cycles 
from 10 to 110 psig have been imposed on this test sec- 
tion which was maintained in an ambient of —65°F. 
without failure. 

(Continued on page 66) 


March, 1958 / 55 


irst | 

for — 

ical 

me 

> 

j 


A Philosophy of Air-Data 


SYMBOLS 


H = free-stream total pressure, or, supersonic speeds, 
the total pressure behind a normal shock, pounds 
per foot? 

H, = total pressure indicated by the probe, pounds per foot? 

= free-stream Mach Number 

M; = Mach Number indicated by the probe (uncorrected) 

Ps = free-stream static pressure, pounds per foot? 

P: = static pressure indicated by the pitot-static probe, 
pounds per foot? 

Je = free-stream impact pressure, pounds per foot? 

9: = impact pressure indicated by the probe, pounds per 
foot? 

B = free-stream velocity vector 

a = free-stream angle of attack, the angle between the 
fuselage reference line and the free-stream velocity 
vector measured in the XZ plane, degrees 

a; = angle of attack indicated by the probe 
[= (APa/g;)f(M)], degrees 

a, = localangle of attack, degrees 

8 = free-stream angle of sideslip, the angle between the 
fuselage reference line and free-stream velocity 
vector measured in the XY plane, degrees 

B; = angle of sideslip indicated by the probe. degrees 

8, = localangle of sideslip, degrees 

q = angle between the fuselage reference line and the free- 
stream velocity vector 

AP. = pressure differential between the upper and lower ori- 
fices on the probe hemispherical head, pounds per 
foot? 

APg = pressure differential between the left and right orifices 
on the probe hemispherical head, pounds per foot? 

APa 

= the probe sensitivity = f; (/ 

ad; 

7. success of an airplane or an air-breathing 


missile in accomplishing its operational mission strongly 
depends upon the accuracy with which certain aero- 
dynamic parameters of the air mass through which the 
airplane is flying can be measured. These parameters, 
collectively referred to as air data, include static pressure, 


This paper was presented at the U.S. Navy Bureau of Aero- 
nautics Symposium on Ajr Data, Cornell Aeronautical Labora- 
tory, Inc., September 24-26, 1957. 

The authors are Principal Physicists in the Applied Physics 
Department. 
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‘“* The approach described in this paper 
is based on the use of a single 
pressure-lype probe that provides 

a direct sampling of the local 
(airframe-distorted) air stream.” 


Measurement 


N. Y. Andersen and L. Bogdan 


Cornell Aeronautical Laboratory, Inc. 


total pressure, ang’e of attack, angle of sideslip, and total 
temperature (this last parameter is not considered in 
this paper). From these quantities other relevant 
information may be derived. The in-flight determi- 
nation of the free-stream values of these basic parameters 
is difficult because of errors introduced by: 


(1) the geometry of the sensing element(s) 

(2) the pressure field and flow field around the air- 
plane 

(3) transducer response limitations (dynamic and 
static) 


(4) the computing and indicating system 


Increases in the altitude and speed ranges of modern 
aircraft have made air-data measurements and cali- 
bration correspondingly more difficult. 

There are various possible methods of accomplishing 
the measurement of the aerodynamic parameters cited 
above. The approach described in this paper is based 
on the use of a single pressure-type probe that provides 
a direct sampling of the local (airframe-distorted) air 
The probe-measured values of the local static 
pressure, local total pressure, local angle of attack, and 
local angle of sideslip are corrected by a computer to 
free-stream values. The functional relationships be- 
tween local and free-stream values of the various 
parameters are determined from full-scale flight-test 
data augmented by data from wind-tunnel tests. 

This paper presents a summary of work in air-data 
measurements conducted at the Cornell Aeronautical 
Laboratory under sponsorship of the U.S. Navy Bureau 
of Aeronautics. This effort has included the design 
and development of air-data sensors, pressure trans- 
ducers, and airborne computers, as well as full-scale 
flight tests and wind-tunnel calibration tests. A theo- 
retical method for determining airframe position errors 
was also developed. 


stream. 


THE Basic SYSTEM 


Measurement of the basic parameters of static pres- 
sure, total pressure, angle of attack, and angle of side- 
slip, is based on the following concepts: 
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(1) Direct sampling of the local air stream. 
(2) Use of a single, fixed, pressure-type probe with 
no external moving parts to provide a simultaneous 
measurement of a set of pressures. 

(3) Acceptance and calibration of: (a) probe meas- 
urement errors and (b) position-errors at the airframe 
location selected for the probe; these errors are deter- 
mined from full-scale flight-test calibrations supple- 
mented by wind-tunnel tests and theoretical analyses. 

(4) Selection of a probe airframe location which 
minimizes position-error magnitudes and interactions. 

(5) Use of a computer to simultaneously compute 
and apply position-error and cross-coupling corrections 
to the probe-sampled pressure data. 


This probe senses total and static pressures and a set 
of differential pressures which permit values of local 
angie of attack and sideslip to be determined. The 
total head and static orifice configurations shown in 
Fig. 1 are not the optimum design for insensitivity of 
these probe-measured pressures to flow inclination. 
For example, the relatively small size of the total head 
orifice with respect to the probe diameter and the cir- 
cumferential arrangement of the static orifices cause 
these measured pressures to be more sensitive to angle 
of attack than other well-known orifice configurations. 
However, since position-error corrections have to be 
made to the probe-sensed pressures, certain probe limi- 
tations are accepted in exchange for other desirable 
features of a compromise design. The use of a smaller- 
than-optimum total head orifice diameter permits this 
single probe to measure the four pressures H;, p;, AP, 
and AP,, as shown in Fig. 1. (If desired, the diameter 
of the total head orifice could be enlarged within rea- 
sonable limits.) The hemispherical nose shape pro- 
vides a high sensitivity and linear response (at a given 
Mach Number) for measurement of flow angle. The 
blunt nose is also favorable from the standpoint of 
anti-icing since the heater element can be located in 
close proximity to the forward surfaces of the probe. 
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Fic. 1. The yaw-pitch pitot-static probe. 
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Fic. 2 (top). Sensitivity of the C.A.L. probe as a function of 
Mach Number. 


Fic. 3 (bottom). Comparison of theoretical and experimental 
angle of attack position error (F9F-2 aircraft). 


The static orifice arrangement, in the form of a single 
ring of twelve evenly spaced orifices, has been em- 
ployed to obtain identical probe performance char- 
acteristics in static pressure measurement with vari- 
ation of angle of sideslip and angle of attack. For 
applications where the sideslip angle is maintained 
close to a zero value, as for aircraft employing yaw 
dampers, other orifice arrangements insensitive to angle 
of attack effects are recommended.''~” 

Fig. 1 indicates also that the sensitivity AP,/aqi, 
used in the determination of airflow angles from probe 
differential pressures, is a function of Mach Number; 
Fig. 2 illustrates the variation of this sensitivity with 
Mach Number. The function is a smooth curve with 
a high-speed (MM = 2) value of sensitivity approxi- 
mately one-half of the maximum low-speed figure. 
The pressure ratio AP/q; is linear with angle of attack 
at any one Mach Number. Although no wind-tunnel 
data have been taken at C.A.L. on this probe beyond 
Mach 2.0, other relevant data indicate that useful per- 
formance may be expected up to speeds where thermal 
stresses on the probe would be the limiting factor. 


THE PROBE-AIRPLANE CONFIGURATION 


Air-data measurement requires that the combination 
of the airframe and the attached probe be considered as 
the sensor. Significant simplification of the sensor- 
computer system is achieved by selecting a probe loca- 
tion which results in low values of position error. As 
the result of extensive flight tests,? a location forward 
of the fuselage nose was selected as the favorable loca- 
tion for the yaw-pitch pitot-static probe. 
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Fic. 4. Nose boom installation (F9F-2 aircraft). 


if | | m=0.50 
0.70 
| 0.80 
1.0 | 0.85 
| 
Wy 
Afg 08 099 
or 
06 
— | 
| | 
er 1.00 
0.4 


0.2 
| | 
0 4 8 12 %6 


ANGLE OF ATTACK OR ANGLE OF SIDESLIP - DEGREES 


| 
1.04 + + + 
Pp 
| 
0.96 
0 0.4 0.6 8 1.0 12 


MACH NUMBER 
Fic. 5(top). Wind-tunnel calibration data (corrected for tun- 
nel and probe misalignments 


Fic. 6 (bottom). P;/Ps vs. Mach Number, 1/4-scale probe on 
1/4-scale fuselage delta wing model. 
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The fuselage nose location offers many advantages 
for an air-data sensing probe. The sharp-nosed, high- 
fineness ratio bodies of current aircraft give rise to well- 
defined and relatively small position errors even 
for short—e.g., 2 to 3 ft.—nose booms. These 
airframe position errors are primarily the result of body 
thickness effects since the wings are located well aft 
resulting in upwash effects at the probe location that 
are generally negligible. An insensitivity to induced 
flow effects resulting from roll maneuvers of the air- 
craft is realized for an axial position of the probe, al- 
though induced angle of attack errors are produced by 
pitching. These latter effects can be corrected by use 
of data from a pitch rate gyro. 

For regularly-shaped fuselages, typified by bodies 
of revolution or three-axis ellipsoids, analytical tech- 
niques were developed® for predicting the local subsonic 
flow field to a high degree of accuracy. These techniques 
can be used to reduce effectively the expensive and diffi- 
cult flight calibration time required for determining 
position errors. 

A very important performance characteristic of a 
nose-boom probe employed for air data is realized at 
supersonic speeds. At Mach Numbers larger than 
that at which the fuselage bow wave passes aft of the 
probe static orifices—e.g., 1J = 1.02—there are no air- 
frame position-error effects on the probe since pressure 
disturbances cannot propagate ahead of a shock wave 
in a free stream. Thus, to obtain free-stream pressure 
data at supersonic speeds, only the characteristics of 
the probe require compensation. These probe char- 
acteristics can be obtained directly by wind-tunnel 
calibrations, and, therefore, expensive and difficult full- 
scale supersonic flight calibration is not required. Air- 
frame position errors need to be calibrated only in the 
subsonic and transonic speed ranges. 


FLIGHT-TEST AND WIND-TUNNEL CALIBRATION 


As stated earlier, the program has included full- 
scale flight testing up to a Mach Number of 0.8; sub- 
sonic, transonic, and supersonic wind-tunnel calibra- 
tion; and the development of theory for determination 
of position errors at subsonic speeds. Fig. 3 demon- 
strates the small value of the angle of attack position 
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error, Aa, that was obtained for a short-boom instal- 
lation on an F9F-2 aircraft. The position error, Aa, 
a, — a, is the difference between the local angle of 
attack sensed by the probe and the free-stream value 
for the angle of attack and was experimentally deter- 
mined to be about 0.2a. Fig. 3 also shows the excellent 
agreement between the flight-test data and the corre- 
sponding theoretically predicted values (corrected by a 
0.7° bias). 

Flight calibrations of angle of attack were made in 
the steady-state 1g condition wherein the aircraft was 
stabilized in altitude and air speed, and the angle of 
attack by reference to an accurate vertical.§ When- 
ever perfect stabilization was not attained, corrections 
were made for aircraft flight-path angle from a time 
history of air speed and altimeter readings. By flying 
over the Mach Number range of the aircraft at various 
altitudes, angle of attack and Mach Number effects 
were determined. 

Experimental models of air-data computers were de- 
veloped and successfully flight-tested for F7F and 
F9F-2 Navy fighter-type aircraft. These computers 
provided values for free-stream angle of attack, angle 
of sideslip, Mach Number, relative air density, true 
air speed, and free-air temperature. A total tem- 
perature probe provided a temperature input to the 
computer. Nose boom installations were employed on 
both aircraft; the probe head was 36 in. forward of the 
fuselage nose of the F7F and 18 in. ahead of the nose of 
the FOF-2 (Fig. 4). The F9F-2 probe installation was 
made approximately 7 in. above the fuselage reference 
line to demonstrate the operational feasibility of boom 
locations other than axial. 

To evaluate the applicability of the yaw-pitch pitot- 
static probe as an air-data sensor in the transonic re- 
gion, wind-tunnel tests’ were conducted up to a Mach 
Number of 1.2 on a 1/21-scale F11F aircraft model 
with a nose-mounted probe. The results’? demon- 
strated that the probe-sensed pressures could be re- 
lated to the corresponding free-stream values by func- 
tions sufficiently well behaved to be instrumented by 
current computer techniques. 

Additional wind-tunnel studies were completed re- 
cently on'a 1/4-scale probe-fuselage delta-wing model. 
The configuration tested closely duplicates the shape 
of current supersonic aircraft. The object of these 
tests was to obtain position-error data for the axial nose 
location of the yaw-pitch pitot-static probe in the 
Mach Number range from 0.3 to 1.20. The configu- 
ration calibrated corresponded to a full-scale boom 
length of 21 inches. 

Probe performance data in angle of attack or sideslip 
are shown in Fig. 5. The probe response is linear at 
any fixed Mach Number and the sensitivity decreases 
with increasing Mach Number. 

Probe performance data in the measurement of static 
pressure are shown in Figs. 6 and 7. Fig. 6 shows the 
ratio of indicated static pressure to free-stream static 
pressure, P;/P,, as a function of Mach Number for 
a= 6=0°. Fig. 7 shows the effect of a or 8 on probe 


Fic. 9. 


Air-data computer, experimental model for F9F-2. 


static pressure performance over the Mach Number 
range tested. The static pressure data show a sensi- 
tivity to angle of attack, angle of sideslip, and Mach 
Number. Precise computation of the free-stream static 
pressure based on indicated or local static pressure there- 
fore requires inputs of the free-stream Mach Number 
and the free-stream angles of attack and sideslip. 

Probe performance data in the measurement of the 
total head pressure are shown in Fig. 8. Total head 
measurements are affected only by flow angle incli- 
nation and are essentially independent of Mach Number 
effects. 


THE COMPUTING SYSTEM 


Fig. 9 is a photograph of an experimental model of an 
air-data computer designed for use in F9F-2-type air- 
craft. The computer, fabricated and flight tested in 
1953, weighed about 35 lbs. 

On the basis of the transonic wind-tunnel calibrations 
of the yaw-pitch pitot-static probe on the 1/21-scale 
F11F model and on the 1/4-scale fuselage delta-wing 
combination, indicated* and free-stream values of a, 
8, H, p;, and g, can be related as follows: 


a = af,(M) 

B = Bif,(M) 

H = Hfy(a, 8) = Hifa'(S) 

bs = pif>(M, 8) = (M, 
Qe = Qifg(M, a, B) = 


A block diagram of a computer proposed to perform 
the air-data computations indicated above is shown in 
Fig. 10. Computations are based on impact pressure, 
q., rather than total head pressure, H, although the 
latter could also be used. In the diagram of Fig. 10, 
the g, and P, compensators would need to be three- 
dimensional cams or suitable electrical analogs. Using 
wind-tunnel test data, it was ascertained that standard 
computer techniques would suffice to implement this 


* Indicated values are designated by the subscript 7. 
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Fic. 10. Typical block diagram C.A.L. air-data computer 
design, although no experimental models based on this 
particular design were built. 
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A Survey of the 


Small samples of a gasoline stock, kerosene, stove oil, and 
typical JP-3, JP-4, and JP-5 jet fuels were exposed 

fo gamma radiation. Postirradiation tests were 
performed and these results compared 

with those from the original fuels. 

Gas evolution as a result of irradiation 

was also measured. The results obtained are compared 


for the various types of fuels. 


Radiation Stability of Hydrocarbon Fuels 


A SURVEY was undertaken in 1953 to determine the 
effects of nuclear radiation on types of hydrocarbons 
currently used in aircraft engines. The scope of the 
program is outlined in Table 1. The fuels ranged in 
aromatic content from 4 to 28 per cent. 

Two series of irradiations were made: one in the 
Canal Gamma Source of the Materials Testing Reactor 
(MTR) in Idaho and one in the MTR itself. In the 
first series, the damaging radiation consisted solely of 
gamma rays. In the second series, damage resulted 
from both neutrons and gamma rays. 

Twelve milliliters of each fuel were irradiated in the 
Canal Gamma Source. An atmosphere of helium was 
provided over each sample, which was contained in a 
capsule! made from 410 stainless steel, as shown in 
Fig. 1. The gamma radiation was monitored by 
techniques described in the literature.2~* Gamma ex- 
posures are most frequently expressed in terms of the 
roentgen (r), which may be considered as a quantity 
of absorbed gamma radiation equivalent to 83.8 ergs/ 
gram of dry air. One B.t.u./lb. corresponds to 2.75 X 
10° r. 

A smaller number of exposures in similar capsules 
were conducted in the nuclear reactor. The radiation 
present was expressed in terms of the slow neutron 
component, which was easily measured by known 
methods.® The fast neutron and gamma ray com- 
ponents, more difficult to measure, occurred approxi- 
mately in direct proportion to the slow neutrons.® 

Physical properties of the fuel samples were meas- 
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Fic. 1. C-22A Capsule (410 SS). 


TABLE 1 
Scope of Work 


Fuels used 


A gasoline stock; kerosene; stove oil; and 
JP-3, JP-4, JP-5 jet fuels 
Radiation dosages 5 X 10% r, 10 X 108 r, 50 X 108 r; 0.5 X 
1018, 1.0 X 10'8, 2.5 10'8 neutrons*/cm.? 
Physical property measurements related to 
combustion and handling 


Test criteria 


* Slow neutron component of combined reactor flux. 
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TABLE 2 
Effect of Gamma Radiation on Density and Hydrogen Content 


Hydrogen, 


Gamma Dosage, Density 

Fuel 108 r gm./milliliter by Weight 
Stove oil QO QO. 854 12.9 
4.8 0.861 12.9 
10.4 0.8644 12.5 
43.8 0. 12.9 
JP-4 0 0. 793¢ 13.8 
5.4 0.808 13.4 
11.4 0.8162 14.0 
51.2 0.8701 12.8 
JP-3 0 0.7765 13.9 
5.4 0. 765¢ 14.2 
11.4 0. 782¢ 14.3 
51.2 0.8603 13.2 
Gasoline 0 0.7502 14.6 
stock 4.8 0.7372 14.1 
10.4 0.7468 14.3 
43.8 0.8429 13.2 


ured before and after irradiation. Density and per- 
centage of hydrogen were obtained by standard pro- 
cedures,’ though on a microscale. Aromatic content 
was obtained by a combination of the fluorescent indi- 
cator adsorption method (FIA\)" ‘ infrared 
analysis. Volatility was observed by means of distilla- 
tion curves from data obtained by ASTM Method D 86* 
procedure but in scaled-down equipment 
volatility index (SVI)f was also obtained. This is an 
arbitrary term for expressing carbon deposition tend- 
encies of a fuel. The SVI is principally affected by the 
aromatic content and boiling range of the fuel. 
sentative data on these properties are 
following sections. 


and 


The smoke 


Repre- 
given in the 


GAMMA IRRADIATED FUELS 


The density of the fuels increased and the percentage 
of hydrogen decreased as a result of irradiation. The 
more volatile fuels showed the greatest increase in 
density. This is shown by the results from four of the 
six fuels as summarized in Table 2. The density of the 
most volatile fuel, gasoline, increased 12.3 per cent, 
while the least volatile fuel, stove oil, increased only 
5.4 per cent. Data on percentage of hydrogen are 
also summarized in Table 2. The decrease in hydrogen 
content reflected evolution of hydrogen on irradiation. 
However, the microtest for per cent hydrogen was not 
sufficiently accurate to determine if fuel type had any 
effect. 

Distillations done according to ASTM Method D 86 
procedure showed an increase in high boiling point 
material, indicating that high molecular weight poly- 
mers were formed during irradiation. The proportion 
increased for higher dosages. Fig. 2 gives this phe- 
nomenon very clearly for a JP-5 type of fuel. Similar 
data for a JP-4 type are presented in Fig. 3. 

In addition to the increase in high boiling compo- 

* Method of Test for Distillation of Gasoline, Naphtha, Kerosine, 
and Similar Petroleum Products, 1956 Supplement to Book of 
ASTM Standards, Part 5, p. 8. 

t ‘‘Fuel, Aircraft Turbine and Jet Engine, Grades JP-3, JP-4, 
JP-5,” Military Specification MIL-F-5624C, May 18, 1955. 
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nents, hydrocarbons were formed in some cases which 
had a lower boiling point than the starting material. 
This is shown in Fig. 4 for a gasoline stock. Table 3 
summarizes distillation data for four fuels at the high 
With the exception of the stove oil and 
the gasoline stock at the start, the boiling point of all 


dosage level. 


fractions increased by a considerable factor. 

Aromatic content was determined by FIAM on 
This method is 
unsatisfactory for use with fluids whose boiling points 
exceed 500°F. 


original stocks to establish a base line. 


Therefore, infrared spectrometry was 
used on original and on irradiated fuels to detect the 
desired differences. The results shown in Fig. 5 indi- 
cate changes of less than | per cent in aromatic content. 

Decreases in the SVI indicate an increase in the car- 
bon-forming tendency of the irradiation. 
Fig. 6 shows data on this point. The decrease in the 
SVI is caused primarily by the increase in high boiling 


fuels on 


components since the aromatic content remained essen- 
The SVI is applicable primarily to 
fuels having a portion of the components boiling below 
400°F., such as the JP-3 and JP-4 type of fuel. Speci- 
fications} prescribed an index value of 54 minimum for 


tially unchanged. 


these materials. 

The use of steel capsules permitted the measurement 
For 
all fuels this was appreciable; as high as 20 volumes of 
gas per volume of fuel was evolved at the lowest dosage 
of 5 X 
mately linear with gamma dosage as shown in Fig. 7. 


of gas pressure generated as a result of irradiation. 


The amount of gas evolved was approxi- 


All fuels increased in viscosity upon irradiation. 
This was not significant at the lowest dosage but be- 
came so above 10° r. Typical values are shown in 
Fig. 8. These bracket the range of viscosity increase 
shown by the six fluids. 

Olefin content was predicted by bromine number,} 
which is a satisfactory procedure for conventional 
fuels. Irradiated fluids, however, contain a wide 
variety of radiolytic products which also absorb bro- 
mine, and hence the correlation between olefin content 
and bromine number is not wholly valid. A larger 
fuel sainple than available in this program would be 
required to obtain precise olefin contents by other 
test procedures. Therefore, olefin contents, as shown 
in Table 4, are approximate and are more qualitative 
than quantitative. The results do show, however, 
that olefins tend to increase appreciably as a result of 
irradiation. 


PILE IRRADIATIONS 


The JP-4, JP-5, gasoline stock, and kerosene fuels 
used in the previous gamma series were exposed to the 
combined flux of the Materials Testing Reactor. The 
reactor dosages used were 0.5, 1, and 2.5 X 10% slow 
neutrons/cm.?. The exposure vessels were intro- 
duced and removed from the pile by a hydraulic shuttle 
arrangement designated VH-3. 


t Federal Test Method Standard, Method 3703, December 15, 
1955. 
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Fic. 2. Distillation of irradiated JP-5 jet fuel (micro 


ASTM D-86 method). 


Results from this series of twelve samples showed 
the same trends observed for the gamma irradiated 
samples. The aromatic content remained constant, 
olefin content tended to increase, viscosity increased, 
and the gas evolved on irradiation was approximately 
linear with dosage. 


RELATIONSHIP OF PILE DOSAGE. TO GAMMA DOSAGE 


The relationship between the damaging ability of 
gamma rays and neutrons can be approximated for the 
two radiation sources used by comparing effects on 
viscosity. Figs. 8 and 9 show, for four fuels, the change 
in viscosity at 100°F. from gamma and pile irradiation, 
respectively. From these curves equivalent gamma 
and pile dosage can be determined for a given fuel 
viscosity change. The result of cross-plotting these 


TABLE 3 
Distillation of Irradiated Fuels 


Temperature Change (°F.) for Given 
Percentage of Evaporation, 50 X 10* r Dosage 
Designation Start 10% 50% 90% End Point 


Gasoline stock —44 —47 +152 +308 +423 

JP-5 +6 +132 +229 +268 228 

JP-4 +164 +80 +148 +148 +199 

Stove oil —32 —6 +62 +164 +169 
TABLE 4 


Effect of Gamma Radiation on Olefin Content 


% Olefins 


Gamma Dosage, 


Fuel 10° r Bromine No. (Approximate) 

JP-4 0 3 3 
5.4 14 13 

11.4 16 16 

51.2 18 23 

JP-3 0 2 1 
5.4 13 11 

11.4 15 13 

51.2 21 20 

JP-5 0 4 4 
4.8 13 16 

10.4 15 20 

43.8 13 22 

Gasoline 0 2 1 
4.8 12 8 

10.4 13 8 

43.8 14 16 
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Fic. 3. Distillation of irradiated JP-4 jet fuel (micro 


ASTM D-86 method). 


data in this manner is shown in Fig. 10. A dosage of 
108 slow neutrons/cm.” corresponds to a gamma dos- 
age of about 13 X 10%r. The reader is reminded that 
this approximation is based on a single physical prop- 
erty and applies only to the reactor facility used. 


CONCLUSIONS 


Several types of hydrocarbon fuels were exposed to 
gamma and pile radiation, and selected tests were per- 
formed on the irradiated samples. The tests were per- 
formed for the most part on a microscale. For the 
test conditions and fuels investigated, the following 
conclusions can be made: 

(1) The percentage of hydrogen by weight decreases 
and density increases on irradiation. 

(2) Radiation drastically changes the physical 
properties of fuels above 10° r gamma dosage. Materi- 
als of both higher and lower molecular weight than the 
original are formed. 

(3) Gas is evolved as a result of irradiation. The 
quantity may be as high as 20 volumes of gas per vol- 
ume of fuel at 5 X 10° r and increases approximately 
linearly. 

(4) Radiation causes viscosity increases, although 
this is not appreciable below about 5 X 10° r. 


800 
700 
| 
| 
2 
44x108r | 
400 
2 10x108Fr 
F 300 | | 
ORIGINAL 
200 5x10°r 
100 
Oo 10 20 30 40 50 60 70 80 90 100 
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Fic. 4. Data on distillation of irradiated gasoline stock. 
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(5) Olefins appear to increase appreciably on irradi- 
ation, although present methods do not permit a 
quantitative assessment of this change. 


DISCUSSION 
Curtis E. LuNDBLAD*{ 


There are two points where our data are in conflict 
with those of the authors—namely, the effect of irradi- 
ation on the olefin and aromatic contents of fuels. 
The authors show that aromatic content remains sub- 
stantially unchanged and olefin content increases with 
exposure to radiation. Based on our data, given in 
the accompanying Table 5, aromatic content increases 
and olefin content decreases with exposure to radi- 
ation. Our irradiations were also conducted in the 
MTR Gamma Canal, but standard rather than small- 
scale tests were used in determining olefin and aro- 
matic contents both before and after irradiation. Such 
a difference in testing techniques might explain the 
discrepancies noted, although they probably arose 
from use of different sources of JP-4 and JP-5. 

Except for the above discrepancies, our data con- 
firm the authors’ findings, although our work has not 
generally been at the high dosages investigated by 
them. 


OTHER Discussiont 


Following the presentation, certain questions were 
posed: D. O. Leeser** inquired regarding the use of 
effective inhibitors with organic materials. E. 
Barry*** asked about the irradiation of fuels or other 
hydrocarbons in air. A. P. Allisont{} was interested 
in what happens to the sulphur in fuels on irradiation. 
The paper was presented by Dr. W. T. Stewart,{{f the 
authors not being able to attend the meeting. As the 
questions posed were outside the scope of the paper, 
they are answered in greater detail in the following 
closure. 


AUTHORS’ CLOSURE 


Aromatic and Olefin Contents 


The accuracy of aromatic content determinations 
varies with the analytical method. The fluorescent 


* Assistant Chief, Fuel and Oil Branch, Propulsion Sub- 
Systems Div., Propulsion Lab., WADC, Wright-Patterson AFB, 
Ohio. 


7 Presented in written form. 

Given orally. 

** Head, Materials Section, Atomic Power Development 
Associates, Detroit, Mich. 

*** Senior Technologist, Research Lab., Socony Mobil Oil Co., 
Paulsboro, N.J. 

tt U.S. Navy Department, N.Y. Naval Shipyard, Materials 
Lab., Brooklyn, N.Y. 

tt Division Supervisor, Petroleum Products Research Div., 
California Research Corporation, Richmond, Calif. 


TABLE 5 
Effect of Radiation on Aromatic and Olefin Contents 


Radiation Dose, 


— Aromatics, %-— -—Olefins, %-— 


r JP-4 JP-5 JP-4 JP-5 
0 16.7 13.0 2.9 2.38 
3 X 107 17.6 13.7 2.1 
108 16.7 15.4 2.0 3.5 


3 X 108 40.6 37.9 i 0 


indicator adsorption method (FIAM), in our experience, 
is unreliable for stocks having high boiling point con- 
stituents such as are formed during irradiation. In 
previous research, the FIAM indicated large effects 
of radiation on aromatic content: jet fuels, which were 
irradiated to a dosage of 2 X 10" neutrons/cm.? in the 
Oak Ridge graphite reactor, were found to increase 
fourfold in aromatic content; in another experiment a 
gamma irradiation of 10° r converted a kerosene to 
100 per cent aromatic. 


The scheme of using the FIAM in conjunction with 
infrared spectrophotometry appears to be more satis- 
factory. The absolute level of aromatic content is 
determined by the FIAM on original stocks for which 
it is reliable. The degree of change is then determined 
by comparing the absorption at significant wavelengths 
in the infrared or ultraviolet regions for the original 
and irradiated materials. By this combination of 
techniques, we found that the change in aromatic con- 
tent for the kerosene was less than 1 per cent after ex- 
posure to 10°r. 

Accurate techniques for determining olefin content 
on a microscale were not available. Standard infrared 
photometric methods were inadequate as some species 
of olefins—e.g., tetra substituted olefins—do not ab- 
sorb in the infrared. As noted in the paper, bromine 
absorption is not considered to be an accurate means 
of determining olefin contents of irradiated fuels. The 
data of Table 4 are at best an approximation. 


Inhibitors 


The effect of additives on various organic fluids in 
the lubricating oil range has been extensively studied.’ 
Generally speaking, selected inhibitors are effective in 
retarding radiation damage. Usually, they are less 
effective in the more radiation-resistant base fluids. 

The best additives were the alkyl selenides. These 
materials retarded radiation damage, as measured by 
viscosity increase, either in the absence of air or in its 
preseitice. Organo iodine compounds, such as iodo- 
benzene, which are not normally considered as oxida- 
tion inhibitors, were also effective in reducing radiation 
damage. Compounds containing sulphur in general 
were also effective. 

Iuhibitors may increase the useful life of hydrocarbon 
lubricants fourfold. The effects of inhibitors on hydro- 
carbon jet fuels have not been studied, and they cannot 
reasonably be extrapolated from the work with lubri- 
cants. Critical properties and criteria of damage are 
different for both products. 
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Irradiation Atmosphere 


No study of the effects of exposure atmosphere was 
conducted with the hydrocarbon fuels. 
such a study was made with various other types of or- 


However, 


ganic fluids including polyphenyls. It was shown 
from exposures in nuclear reactors that damage meas- 
ured by viscosity increase was accelerated more than 
twofold by the presence of air.!' Oxidation tests were 
also conducted inside a nuclear pile. Changes in vis- 
cosity and acidity observed in identical tests in the 
absence of radiation were minor compared to the 
changes which occurred inside the pile.® 
ments were conducted at 285°F. 


These experi- 


Sulphur Content 


No data are available on the fate of the sulphur in 
hydrocarbon fuels during irradiation; we know of no 
work in progress along these lines. 
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CONCLUSIONS 


The following recommendations, based on our ex- 
periences, are offered for consideration for future pneu- 
matic systems: 

(1) Pneumatic systems should be placed in the same 
category as prime structure and thereby be afforded an 
equivalent top priority. An effort should be made to 
coordinate structure with the pneumatic system instead 
of the general practice of completing structural design 
first and then forcing ducting compromises. 

(2) A tension-type system, because of its relative 
simplicity and lighter weight, is preferred over a com- 
pression design. However, a strong point is made of 
the fact that careful consideration of fail-safe criteria is 
essential and, further, that final system-type selection 
will be governed by available space for the duct system, 
operating maximums, and capabilities of attaching 
structure. Final system-type selection should be de- 
pendent on specific considerations directly associated 


with any new model. Every effort, however, toward 


the use of a tension-type system is encouraged. 
(3) A specific set of pneumatic duct and bracket de- 
sign criteria, conceived from theory but aligned by ex- 
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perience, should be established. The criteria should be 
thorough and basic enough so that a designer with min- 
imum experience could step in and design in accor- 
dance with the established practice. 

(4) Component proof tests, system tests, and other 
development tests are essential and should be conducted 
well in advance of the first installation. A full system 
mock-up is invaluable. 

(5) Mutual understanding and agreement of all de- 
partments involved is essential at the outset of a design 
to ensure proper tooling and location of master tooling 
points. 

(6) Reduction of bleed air temperatures and _ pres- 
sures as soon as possible to the maximums required for 
effective system operation would tend to ease the prob- 
lem. 

(7) A lightweight flexible duct connector to accept 
relative motion should be developed and put into use. 
A ball joint or a knuckle-type unit with a rotating end 
capable of bending and rotation is considered in order. 

(8) All new manufacturing processes and techniques 
should be proved by production methods before adop- 
tion. 


Because all 


our lives depend 


on 


RELIABILITY... 


is of paramount importance in the design 

of missiles and rockets. FLUID REGULATORS 
understands this reliability concept and is 

fully prepared to meet the challenge. 


Nothing is left undone to make the fuel pump 
relief and other fuel valves designed and manu- 
factured by FLUID REGULATORS the most 
dependable with today’s skills and materials. 


vid 
Designers and Producers of Aircraft 
Hydraulic and Fuel Valves. sters 


CORPORATION 
313 GILLETTE ST. * PAINESVILLE, OHIO 


March, 1958 / 67 


R, 
93, » 
70n 

‘0. 

ity 
ab- 
er, 
on- 
itor 
ytic q 

ting a 

vol. ad 

tor- 1 

ili- 
eful 4 

ty 

* 
“a 
be | 
1in- 
her | 

de- 
sign 

ing 
res- 

for 

ob- 

ept 
use. 
end 
I. 
jues 
lop- 


CORPORATE MEMBER NEWS 


eAerojet-General Corporation has an 
nounced a joint partnership agreement 
with Stauffer Chemical Company to de 
velop and produce boron fuel compounds 
Aerojet also announced that it has a 
quired complete ownership of its subsidi 
ary Aerojet-General Nucleonics. 
eAerophysics Development Corporation (a 
Curtiss-Wright Subsidiary) reports th« 
appointment of Dr. Ernst Steinhoff as 
Associate Technical Director. 

eAmerican Airlines, Inc., has appointed 


Bonham M. Fox of its Chicago sales staff 
as Director, Passenger Sales. Miss Mil 
dred Jackson has been named Director of 
the newly created Women’s 
Customer Service Department. 
eAmerican Steel & Wire Division, United 
States Steel Corporation, has announced 
the promotions of Charles E. Cronauer, 
Jr., to Assistant to General Traffic Man 
ager, and Norman S. Brubeck to Manager, 
Transportation. 


Division, 


eAvien, Inc., has announced the appoint 
ment of John Thoerle as Eastern Region 
Manager. 

eBell Aircraft Corporation reports that 
construction has begun on a $2.5 million 
addition to its main plant adjacent to 
Niagara Falls Airport. The twofold plan 
calls for an Electronic Data Processing 
Center first and, later, the Lawrence D 
Bell Research Center. 

eBendix Aviation Corporation has an 
nounced establishment of a new controls 
section to engineer, manufacture, and sell 
tape-controlled production systems 
International Division reports the ap 
pointment of Frederick J. Borheck as 
Aviation Sales Manager.... Products 
Division, Missiles Section, has a new 
General Manager, Arthur C. Omberg, 
who replaces the late W. L. Webb. Other 
division promotions: Emil O. Wirth to 
General Factory Manager, and Richey \ 
Whitesell to Manager, Airframe Products 
...James P. Buckley has been named 
Director, Sales and Service, Eclipse 
Pioneer Division. .. . James E. Young has 
been appointed Manager, Dayton Sales 
Office. 

eDouglas Aircraft Company, Inc.... El 
Segundo Division has named two IAS 
members as recipients of the division’s 
annual engineering achievement awards 
Charles J. Da Ros (A), Aerodynamics 
Design Specialist, and William D. Van 
Dyke, Electrical Engineer. 

eFairchild Engine and Airplane Corpora- 
tion has named George F. Chapline, Vice 
President and General Manager, Fairchild 
Engine Division, as Director of Military 
Requirements for the corporation. 

eThe Garrett Corporation has announced 
the election of E. A. Be.lande as Vice 
Chairman of the Board. Other appoint 
ments: R. J. Wright to Manager, 
Washington, D.C., office; Myron A 


Tracy to Manager, Military Contracts and 
Support Programs; and William G. Orr as 
Director, Support Services Programing 
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The AiResearch Aviation Service Division 
has enlarged its metal fabricating depart- 
ment facilities, the firm also announced. 
eGeneral Dynamics Corporation, Convair 
Division (Fort Worth), has established a 
new subsystems procurement department 
headed by Robert Kahn... . Convair 
San Diego reports installation of a numer- 
ical director unit as part of a cooperative 
program to provide magnetic tapes for 
numerically controlled machine tools in 
the industry throughout the west. The 
division also announced installation of a 
centrifuge to test ICBM components... . 
Gordon G. Hoit, Executive Vice-President, 
Stromberg-Carlson Division, has been 
elected to the Board of Trustees, Rochester 
Chamber of Commerce. 

eGeneral Precision Equipment Corpora- 
tion...General Precision Laboratories, 
Incorporated, has announced the opening 
of a new 22,000 sq.ft. engineering building 
at Pleasantville, N.Y. 

eKelsey-Hayes Company... Utica Metals 
Division has announced completion of a 
new 110,000-sq.ft. plant for increased 
production of vacuum induction melted 
alloys.... Frank P. Coyer, Jr., has been 
elected Treasurer of the company 

eLear, Incorporated... Sales and service 
activities of Lear S.A., Geneva, Switzer- 
land, have been sold to a new Swiss firm, 
Electravia §.A., the firm announced. 
Henry M. Wales has been appointed to the 
newly created position of Commercial 
Products Marketing Manager for all 
divisions.... W. R. Barnes has_ been 
named Grand Rapids Division Compo- 
nents Marketing Manager. 

eLockheed Aircraft Corporation... Mis- 
sile Systems Division reports that an 
administrative area and a multipurpose 
building have been completed at a 4,000- 
acre missile testing facility under construc- 
tion south of San Francisco, Calif.... 
Georgia Division announced that Harvey 
C. Christen, Quality Control Director, 
has been transferred to the California 
Division. O. Ernest Erwin will fill the 
vacancy at Marietta. J. W. Farnell, 
formerly Missile Systems Division In- 
dustrial Relations Manager, has been 
named Labor Relations Manager at 
Marietta. 

eMinneapolis-Honeywell Regulator Com- 
pany has announced the appointment of 
Robert E. Forney as Assistant to the 
Director, Service Engineering, at the 


firm’s inertial guidance plant, St. Peters. 
burg, Fla. 

®Northrop Aircraft, Inc.... Northrop 
Division reports that the first contingent 
of some 2,800 engineers and scientists has 
begun to occupy the firm’s new research 
center. 


ePan American World Airways, Inc,, 
reports that construction has been com- 
pleted on a 10,000-sq.ft. ‘‘staff house”’ at 
Frobisher Bay in northeastern Canada, 
a Polar route refueling stop. 

ePiasecki Aircraft Corporation and 
Ateliers d’Aviation Louis Breguet of 
France have announced an agreement for 
direct interchange of technical and product 
information. 

eRyan Aeronautical Company has an- 
nounced the appointment of Leon T. Noel 
as Executive Assistant to the firm’s 
Secretary and Treasurer, C. A. Stillwagen. 
Mr. Noel formerly was Vice-President of 
Finance and a member of the Board, 
Solar Aircraft Company. 

eShell Oil Company has announced a new 
class of greases for high-temperature, 
high-speed applications in missiles and 
supersonic aircraft, called Shell. ETR, 
which is said to withstand heat up to 
600°F. and speeds up to 30,000 r.p.m. 
eSolar Aircraft Company has added six 
scientists and engineers to its research and 
development engineering division: Karl 
F. Greil, F. W. Ross, Laurence H. Cherry, 
Morris Kaswen, M. C. Towns, Jr., and 
Daniel H. Driscoll, Jr. 

eUnited Aircraft Corporation . .. Hamilton 
Standard Division has announced that 
Edward F. McDonough has joined the 
staff of the Electronics Department. 
eVickers, Incorporated, has named John 
W. Rowan Service Manager, Detroit Aero 
Hydraulics Service Section. 
eWestinghouse Electric Corporation has 
announced the election of Mark W. 
Cresap, Jr., as President and Chief Ad- 
ministrative and Operating Officer; E. V. 
Huggins as Board of Directors Executive 
Committee Chairman and Vice-President; 
John K. Hodnette, Executive Vice-Presi- 
dent; George G. Main, Vice-President— 
Finance; Francis E. Dalton, Controller; 
Carlisle P. Myers, Corporate Secretary; 
and Russell B. Read, Assistant Treasurer. 
... The Aviation Gas Turbine Division 
reports installation of an 8,000-hp. syn- 
chronous motor for testing jet-engine com- 
pressors. Richard S. Huested has been 
named division Manager of Operations. 


eWeston Instruments Division of Day- 
strom, Inc.... Thomas Allinson has been 
appointed President and Chief Operating 
Executive of the division, Daystrom has 
announced. 


of the Journal and Review. 


Change of Address 


Since the Post Office Department does not as a rule forward magazines to 
forwarding addresses, it is important that the Institute be notified of changes in 
address 30 days in advance of publishing date to ensure receipt of every issue 


Notices should be printed legibly and sent directly to the Institute of the 
Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 
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Pesco axial flow fans 


STARTING SYSTEMS—Pesco 
Fan rated at 850 cfm at 16” w.g. is 
used for cabin ventilation and in 
jet engine starting systems for 
cooling motor-generator sets and oil. 


and jreliability 


ELECTRONIC EQUIPMENT— 
Tiny Pesco Fan weighing 8 ounces 
delivers 16 cfm for spot cooling of 
high-temperature tubes in aircraft 
and missile electronic units. 


Pesco Fan cools engine oil on 
several makes of helicopters. Spe- 


cial Pesco design reduced weight 


by 23%. 


GROUND SUPPORT SYSTEMS 
—This Pesco unit is used in con- 
denser and evaporator fan applica- 
tions in air conditioning systems for 
ground support of missiles and 
high-performance aircraft. Rating 
is 4260 cfm at 6.5” w.g. 


PROJECT ENGINEERS: 


Pesco can furnish completely engi- 
neered fans, designed for any known 
application, to meet tight project 


deadlines! 


When you specify Pesco Axial Flow Fans (with 


HELICOPTERS—V-belt driven 


built-in Pesco Electric Motors), you get maximum 
operational reliability plus the advantages of— 


: single fan-and-motor source—Pesco designs and 
; manufactures both fans and motors. This permits 
i close design coordination resulting in better 

2 matching of fan and motor characteristics, closer 

: tolerances, savings in time and money, 

higher performance. 


superior performance— use of most advanced 
aerodynamic principles assures unsurpassed total 
Efficiency. Individual parts balancing provides | 


vibrationless operation. Self-cooling 
motor is custom-built for application. 


miniaturized design— self-contained package with 
built-in motor assures minimum envelope, 
provides more capacity for given weight or size. 
Fan can mount in duct to save space and power. 


lower maintenance — simplified design makes 
maintenance easier, cheaper. Built-in motor is 
readily accessible, can be serviced without 
breaking electrical connections to housing exterior. 


You can choose from over 40 standard designs 
of Pesco Axial Flow Fans: intermittent or 
continuous duty, ratings from 16 to 5000 cfm, 
wide pressure range. Or Pesco will custom-design 
a fan to meet your exact needs. All Pesco Fans 
conform to latest MIL specifications. For 
further information, write for Bulletin 5703. 


PESCO PRODUCTS DIVISION 
BORG-WARNER CORPORATION 
24700 North Miles Road ¢ Bedford, Ohio 
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SLIP RING 
ASSEMBLIES 


made by EVERY 
known process... 
UNITIZED ONE-PIECE CONSTRUCTION 


100-Ring Missile Guidance Slip Ring 
Low Torque, Low Noise j 


Only Slip Ring Co. of America pro 
duces precision slip ring assemblies 
by every known process to meet your 
particular requirements — Transfer 
Injection and Compression Molded 
Cast, Fabricated, Vacuum Impreg 
nated, Electro Deposited, Metal 
Sprayed, Printed Circuit, Mercury Pool. Sizes, .020° 
to 72” Dia. Circuits, 2 to 200 rings. Finishes 

micro inch RMS. Temperature, 650°F continuous. Vi 
bration, 300 G's. Hi-pot,up to 15,000 volts. Longer 
life through wider material selection. Dielectrically 
superior insulating materials. Minimum noise with 
precious metals. Engineering consultation available 


SLIP RINGS — BRUSH ASSEMBLIES — 
COMMUTATORS — SEALED ASSEMBLIES 


Write for Literature 


SLIP RING CO. 


OF AMERICA 
3612 West Jefferson Bivd 
Dept. AER, Los Angeles 16, California 


Representative sales engineers in major cities 
throughout the United States and Canada 


- TAKES YOUR EYE TO 


J |} The National Fontar® 
Borescope provides sharp, 
critical close-up vision aid- 
ed by bright lighting in any 
bore, threaded hole, re- 
cess or interior surface of 
the cast, drawn, welded or 
molded product, All that 
is needed is a point of 
entry .10” or larger.... 
It's today’s essential for 
high Quality Control 
\ standards. Our new and 
\ free catalog illustrates 
\\ and describes applica- 
tions, 


; 


ASK FOR ‘BORESCOPE CATALOG’ 


C(ANGELHARD INDUS TR/ ES. 


NATIONAL ELECTRIC INSTRUMENT DIVISION 
92—21 Corona Avenue * Elmhurst 73, New York 
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” INTERIORS 


Dayton Section 


Bell VTOL Research; 


Satellites Summarized 


James O'Malley, Jr., Chief, Aerody- 
namic and Propulsion Design, Aircraft 
Division, Bell Aircraft Corporation, re- 
viewed Bell’s work on VTOL aircraft dur- 
ing the last 5 years, at the December meet- 
ing 

He pointed out that his firm’s work has 
been devoted to rotating thrust line jet 
VTOL’s rather than tail-sitter types. He 
said most flight-test vehicles developed in 
the field have solved VTOL technical 
problems. 

On November 21 the Section was joined 
by its ARS Cincinnati counterpart to 
hear ‘‘Fundamentals of Satellites’’ dis- 
cussed by Rudolph Hermann, Professor 
of Aeronautical Engineering, University 
of Minnesota. 

Instead of emphasizing the glamorous 
aspects of satellites, Dr. Hermann covered 
the basic laws of ellipsis and gravitation, 
then derived the velocity equations for a 
satellite in an orbit 300 miles above the 
earth. He also gave his personal estimate 
of the size and thrust of the Soviet rockets 
used to launch Sputniks I and II. 


JOHN S. McCo.tom, Secretary 


Detroit Section 


Gl Needs Economical 
One-Man Aircraft 


More than 60 members and guests 
heard Brig. Gen. William B. Bunker dis- 
cuss “Individual Air Mobility and the 
Soldier’? at the November 12 meeting. 
General Bunker is Commander, U.S. 
Army Transportation Supply and Main- 
tenance Command. 


He listed the possibilities and problems 
of one-man vehicles in a combat unit. 
Emphasizing that he was giving his own 
opinions, he described a complete series 
of one-man vehicles to illustrate the state 
of the art. 

He said that if a one-man vehicle is re- 
quired, there are a number of technically 
feasible solutions, but in general, all the 
small units are thirsty fuel consumers, 
There seems to be no unit capable of lift- 
ing an infantryman with 50 or 60 lbs. of 
equipment. 


RICHARD CHUTE, Secretary 


Hampton Roads Section 


Boron Uses Described; 
Report on Farnborough 


Claude P. Talley of Experiment, Inc., 
discussed ‘‘Boron Combustion and Uses” 
at the November meeting. 

Boron has the desirable qualities of high 
heat combustion per unit weight and per 
unit volume, he said. Two possible 
methods for burning boron are transport- 
ing oxygen to solid surface and transport- 
ing oxide products away, and transform- 
ing solid boron to gas phase to react with 
oxidizer. 

Increasing the temperature of boron also 
increases the rate of burning by increasing 
the rate of evaporation of the oxide prod- 
ucts. Boron has been found to be a 
semiconductor, the electrical resistance of 
which drops with increase in temperature. 
> The October meeting featured a “‘Re- 
port on Farnborough”’ by H. Reese Ivey, 
Deputy Director, Operational Analysis, 
Tactical Air Command, and Col. Jack L. 
Crawford, Jr., Deputy Director, Require- 
ments, TAC. 

Colonel Crawford described the organ- 


Hampton Roads Section Chairman Lewis Fisher welcomed two guest speakers, a guest, anda 


new Section member at the 


October meeting. 


They are left to right: Speaker H. Reese 


Ivey, Tactical Air Command; Mr. Fisher; guest Wing Comdr. |. S. Smith, RAF; speaker Col. 
Jack L. Crawford, Jr., TAC; and new Section member Vice-Adm. James S. Russell, Deputy 
This issue carries a report on the meeting. 


Commander in Chief, Atlantic Fleet. 
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acke heat on the Snark! 


Harrison aircraft oil coolers— 
another quality product of 
General Motors research in 
the field of thermodynamics. 


Quality qualifies Harrison 
for the rugged job of cooling 
Northrop guided missile! 


The Snark blasts off in an inferno of heat—but Harrison keeps 
temperatures down to earth. With a trans-oceanic range, effective 
heat control over the engine oil is a must for this spectacular pilotless 

bomber. And Harrison heat exchangers were selected to do the job. 
Harrison’s 47 years’ experience in the heat transfer field delivers a top- 

quality product that’s rugged and reliable—designed by General Motors 
engineers to assure dependable performance under the most severe operating 
conditions. That’s why you'll find Harrison heat exchangers on so many 

of America’s first-line weapons of defense—on land, at sea, and in the 
air. If you have a cooling problem, look to Harrison for the answer. 


TEMPE 


S Mane ro ORDEF 


FROM THE PROGRESS OF THE PAST 


WZ 
THE PROMISE OF THE FUTURE 


HARRISON RADIATOR DIVISION e GENERAL MOTORS CORPORATION e LOCKPORT, NEW YORK 
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ization of British armed forces from the 
point of view of major types of current 
aircraft each service uses. 

Mr. Ivey showed movies he took of the 
many aircraft and missiles on static dis 
play and in flight, giving a running com 
mentary on the types. 

PauL A. HUNTER, Secreta? 


Indianapolis Section 
115 Members Visit CAA Tech Center 


Members and guests visited the Civil 
Aeronautics Administration Technical De 
velopment Center on December 9. CAA 
hosts were Alan L. Morse and Charles 
Middlesworth. 

Short comprehensive papers presented 
at the Center were ‘‘Visual Mid-Air Col 
lision Avoidance”’ by R. B. Fisher; ‘‘Cock 
pit Vision Studies’’ by E. E. Pazera; ‘‘In- 
spection of Adhesive Bonding of Helicop 
ter Rotor Blades’ by R. C. Mulvey; and 
“The Development of Crash-Resistant 
Fuel Tanks for Aircraft’? by J. H. Clark 

Equipment and operations seen at the 
Center’s facilities included fire resistance 
testing and fire protection equipment, fire 
protection tests on the Boeing 707 power 
plant, development of improved traffic 
control, and development of birdproof 
windshields. Comments on these were 
provided by CAA specialists. 

A. R. STOKKE, Program Committe: 


Los Angeles Section 
Panel Discussion on Farnborough 


Five speakers contributed a panel dis- 
cussion on the 1957 SBAC Farnborough 
Show at the November 21 meeting. 
These were Lt. Gen. L. C. Craigie, USAF 
(Ret.); George H. Hoffman, The RAND 
Corporation; Capt. Iven C. Kincheloe, 
Jr., USAF; Welko Gasich, Northrop 
Aircraft, Inc.; and Fred Felberg, Southern 
California Cooperative Wind Tunnel. 

The panel described various segments 
of the show. Movies were shown. 

> Members at the November 15 histori- 
cal meeting heard a review of icing pre- 
sented by Lewis A. Rodert, Project En- 
gineer, R&D Lockheed. He described the 
first encounter with icing problems, 
covered early research, and traced the de 
velopment on anti-icing systems of Ameri- 
can, British, German, and Russian de 
signs. 

Engine installation specialists heard 
Alan C. Brown discuss ‘‘Transient Per- 
formance Predictions’? at the November 
12 meeting. Mr. Brown is a Research 
Associate at the University of California 
Engineering Center. 

He emphasized the importance of under- 
standing transient characteristics in en 
gine-inlet systems in the prediction of 
modes of oscillation and their correspond 
ing damping. He also discussed pressure 
noise level, wake effects, and engine noise 
In conclusion he described recent results 
of diffuser impedance measurements and 
discussed the relation of infet buzz to the 
linear system approach. 


Dana Moran, Secretary 
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Rocky Mountain Section 
Ejection Development 


More than 100 members and guests 
heard Richard H. Frost, Vice-President, 
Stanley Aviation Corporation, discuss 
‘Escape From High-Speed Aircraft’’ at 
the December 3 meeting. 

Mr. Frost outlined the history of escape 
from aircraft, covering the development of 
upward and downward ejection seats. 
He said his firm is currently working on 
an escape capsule for the XF-102 that will 
have aerodynamic stability, an oxygen 
supply for descent, and flotation capa- 
bility and will provide exposure protec- 
tion for the pilot after landing. 

DoNnaALD A. KNOWLTON, Secretary 


San Francisco Section 
Officers for 1958 


New Section officers introduced at the 
December 19 meeting were Chairman, 
Robert McIver, United Air Lines; Vice- 
Chairman, Robert Crane, NACA Ames 
Laboratory; Secretary, Daniel Bershader, 
Stanford University; and Treasurer, 
Norman Bergrun, Lockheed Missiles, 

C. W. Harper reviewed the proceedings 
of the Sixth Anglo-American Conference 
and related his personal impressions of re- 
cent aeronautical research and develop- 
ment in Europe. 

RoBERT M. CRANE, Secretary 


STUDENT 


Tulsa Section 
Visit to Douglas Division 


The Tulsa Division, Douglas Aircraft 
Company, was host to 35 members and 
guests who visited its Antenna and 
Radome Development Laboratory on 
December 10. H. E. Felix and G. A. 
O’Reilly of Douglas were tour directors 

Visitors saw a demonstration of antenna 
radiation patterns of a stub antenna on 
the three axes of an RB-66 scale model. 
Methods of determining radome efficien- 
cies and coaxial cable and antenna efficien- 
cies also were presented. 


B. D. Otson, Recording Secretary 


Wichita Section 


SAC Capabilities Outlined 
by General Knapp 


Members were joined by their ARS 
and SAE counterparts on December 4 to 
hear Brig. Gen. James B. Knapp, USAF, 
discuss ‘“‘Airpower Today and Tomor- 
row.’’ General Knapp is Director, In- 
stallations Engineering, SAC. 

He reviewed the history of SAC, its 
current status and capability. General 
Knapp also explained SAC communica- 
tions and training. 

He said SAC has three forces in the 
United States—at Shreveport, La., March 
AFB, Calif., and Westover AFB, Mass. 
Its communications center is at Offutt 
AFB, Neb. 

LYMAN L. PETERSEN, Pro Tem Secretary 


BRANCHES 


Indiana Technical College 


At the first meeting of the winter term 
on December 10 a field trip to the NACA 
Laboratory at Cleveland was planned. 

Twelve candidates received their mem- 
bership cards after completing the require- 
ments for full membership. 

After the business meeting, a movie en- 
titled Flying Colors (United Air Lines) 
was shown. 


HERBERT D. KREDIET, Secretary 


Institute of Technology, USAF 


On November 27, 130 members and 


guests heard Dr. Von Ohain and Robert 
Hunter of the Aeronautical Research Lab- 
oratory, Wright-Patterson AFB, Ohio. 
The address was a brief coverage of pro- 
pulsive energy types. Propulsion from 
chemical, environmental, and annihilation 
energy was discussed. 

Also covered was a comparison of vari- 
ous missions into space, including trips to 
the moon and return or to Mars and re- 


turn 


Capt. Davin W. HALL, USAF, Secretary 


Mississippi State College 


Robert E. Perkinson, Chief, Data 
Analysis, MacDonald Aircraft, spoke on 
“General Data Analysis’? in November 

Mr. Perkinson began by giving a general 
outline of the step-by-step process of air- 
craft conception, development, and _ pro- 
duction and showed how his department 
worked with the entire process of aircraft 
synthesis. He also showed actual flight- 
test films of the F-101. 

Albert George Bennett, Jr., and Cecil 
Franklin Thweatt were recipients of Delta 
Airline scholarships, worth $300. 

RICHARD W. Hicks, Secretary 


New York University 


Two films shown at the November 25 
meeting were Here Comes the Hercules 
(Lockheed) and Flight Report on the X-14 
(Bell). Films shown after a_ business 
meeting on November 18 were Hydrostatic 
Testing of the C-130A and First Flight of 
the B-58. 

At the November 11 meeting Faculty 
Adviser Professor Strom announced that 
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permission had been granted by the Aero- 
nautical Engineering Department to use its 
wind tunnel. 

The Branch plans to construct a 48-in. 
delta wing and to study differential flap 
characteristics. A smoke tunnel project 
also will be undertaken in which forces on 
the model will be measured by a strain- 
gage device and by photography. 


ISAAC FERNANDEZ, Secretary 


Princeton University 


Jack E. Stephenson, Engineering Test 
Pilot, Grumman Aircraft, was guest 
speaker at the December meeting. He 
spoke on ‘‘Flight Test and Its Cooperation 
With Engineering.”’ 

Mr. Stephenson discussed the principal 
objectives, methods, and problems of 
flight testing, as well as pilots’ views. He 
emphasized that it is the practical point 
of view, not the academic point of view, 
that is needed in flight testing. 

He stated that, in general, flight test 
covers two periods of time: (1) when the 
airplane is initially conceived to its deliv- 
ery to the flight-test group and (2) the 
introduction of the aircraft to its user to 
the end of its operational life. 

He covered the actual testing of a plane 
in flight, outlining three primary phases: 
the test pilot determines whether the plane 
will fly and whether it does so safely, and 
he looks for any unusual characteristics 
which might be present; during the second 
phase the plane is pushed to its limits; 


while the third phase concerns the testing 
of external stores. 
JAMES S. McDonngeLL, III 
Secretary- Treasurer 


Rensselaer Polytechnic Institute 


“The Gyroscope and Its Applications”’ 
was discussed on November 13 by Burt L. 
Newkirk, Professor Emeritus of the In- 
stitute, before 60 members and guests. 

Dr. Newkirk explained the reasons for 
gyroscopic resistance with simple vector 
diagrams. Then he demonstrated the 
resistance and precession using a large gy- 
roscope. Theapplication of the gyroscope 
to the monorail car was illustrated by at- 
taching the gyroscope to a small but heavy 
platform and pushing it out over the audi 
ence on a single wire. 

CHARLES KROMER, Secretary-Treasurer 


Tri-State College 


Sixty-two members and guests present 
at the semiannual banquet on December 
5 heard an address by M. G. Beard, As- 
sistant Vice-President, American Airlines, 
on “‘The Problems Encountered in Decid- 
ing Upon a Jet Transport.’’ Mr. Beard 
spoke of the problems involved in design- 
ing jet transports that would provide both 
economy and speed. 

Professor Charles Libove, Faculty Ad- 
viser, announced that the winner of the 


Scholastic Award for seniors was Donaid 
Schard. 


ROBERT A. SPALDING, Secretary 


University of Detroit 


Robert Snow, Regional Sales Manager, 
Continental Aviation, spoke on “The 
Future of the Small Gas Turbine in Avia- 
tion’’ at the December 18 meeting. 

He reviewed the pros and cons of four 
gas-turbine engine types, concluding with 
the opinion that the free shaft turbine will 
become more prominent. He said its ad- 
vantages include multifuel capacity, no 
warmup time, reduced vibration, low 
maintenance, small gross weight, and good 
short field capabilities. 

Later, two films Jet Test (USAF) and 
Flight Into Future (Bell) were shown. 
> More than 50 members and guests heard 
a discussion on the Branch’s half-hour 
television show at the first meeting of the 
winter quarter. 

The first show called ‘‘Rocket Engines”’ 
was produced at the campus TV and radio 
studio, then televised over Detroit’s educa- 
tional station WTVS. This consisted of a 
factual discussion of rocket engines by 
Branch members and a few demonstra- 
tions. The Branch TV Committee also 
scheduled a show on ‘‘The Sound Barrier.” 

Plans were formulated for the presenta- 
tion of oral reports of NACA Technical 
Reports by volunteer members. 

A film Air Force Medicine was shown, 
and booklets titled Pocket Data for Rocket 


ANOTHER ACHIEVEMENT 


A resilient insert 
rack and panel connector 


Here is the new and improved Bendix Type SR rack and 
panel electrical connector with outstanding resistance to 
vibration. The low engagement force of this connector gives 
it a decided advantage over existing connectors of this type. 

Pressurization is easily accomplished. The resilient inserts 
press firmly against the shell wall holding the contacts in 
exact position. Insert patterns are available to mate with 


existing equipment in ihe field. 


Adding to the efficiency of this rack and panel connector 
is the performance-proven Bendix “‘clip-type” closed entry 


socket. 


Here, indeed, is another outstanding Bendix product that 
should be your first choice in rack and panel connectors. 


Gendiv DIVISION of 
SIDNEY, NEW YORK 
Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N. Y: 


117 E. Providencia Ave., Burbank, Calif. « Paterson Building, 18038 Mack Ave., Detroit 24, Mich. ¢ 545 Cedar Lane, Teaneck, N. J. e 5906 North Port Washington Rd., Milwaukee 17, Wisc. 


FACTORY BRANCH OFFICES: 


OUTSTANDING FEATURES 


Resilient Insert ¢ Solid Shell Construction e Low Engagement 
Forces e Closed Entry Sockets © Positive Contact Alignment 
Contacts — heavily gold plated « Cadmium Plate—clear 
irridite finish « Temperature range —67° to +250°F. « 
Easily Pressurized to Latest MIL Specifications. 


“Bandi 


AVIATION CORPORATION 


Canadian Affiliate: Aviation Electric Ltd., 200 Laurentien Bivd., Montreal 9, Quebec 


Hulman Building, 120 W. Second St., Dayton 2, Ohio ¢ 2608 Inwood Road, Dallas 19, Texas 8425 First Ave., South, Seattle 8, Washington e 1701 “K” Street, N.W., Washington 6, D. C. 
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Major David G. Simons, USAF, spoke on his balloon research flight of 102,000 ft. 
on December 3 before the Polytechnic Institute of Brooklyn IAS Student Branch 
and its ARS counterpart. 


Engineers (Bell Aircraft) were distributed. 
STEVE SopczaKk, Reporte? 


University of Notre Dame 


Howard Williams discussed ‘The Phi 
losophy of Control Designs in Gas Theory 
Engines’? at the November 20 meeting 
Mr. Williams is Group Supervisor, Product 
Design Group, Bendix Aviation Corpora 
tion. 

He illustrated his talk with slides show- 
ing the makeup and function of basic fuel 
control systems. Later, a short film on 
the 1956 Thompson Trophy races was 
shown. 
> Some 45 members attended a banquet 
and business meeting on November 6 
The meeting was highlighted by a film on 
guided missiles from Bendix and an after 
dinner talk by Patrick Poynton, a gradu 
ate student. 

Guests included Vincent Goddard, 
Faculty Adviser and Assistant Professor of 
Aeronautical Engineering, and Robert 
Eikenberry, also Assistant Professor of 
Aeronautical Engineering. 

WituiaM B. MacuIre_e, Secretary 


Member Price: $3.00 
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University of Oklahoma 


Some 100 student members and guests 
heard a talk by Howard F. Marx, Chief, 
Operational Research, Temco Aircraft, at 
the meeting on December 5 

Mr. Marx discussed the importance of 
operations research and its application of 
scientific data. He explained how opera- 
tions research is used to replace guesswork 
with scientific appraisal of the problem. 

WANDA J. LITTLE, Secretary 


University of Wichita 


A talk by Richard Holloway, Aerody- 
namics Department at Boeing Airplane 
Company, on “Project Vanguard’’ was 
featured at the November meeting. 

Mr. Holloway divided his talk into de- 
scriptions of the first, second, and third 
stages of the rocket, and the satellite. 

p A field trip was held on October 11 at 
Boeing Airplane Company, with Larry 
Robertson, C. Commisky, and Douglas 
Hadden as guides. The main departments 
visited were the Supersonic Wind Tunnel, 


> 


Special Publications Department 


Institute of the Aeronautical Sciences 


2 East 64th Street, New York 21, N.Y. 


Process Labs, Structural Testing Section, 

and the Digital Computing Section. 

RICHARD E. MONICAL 
Secretary-Treasurer 


University of West Virginia 


Professor Bohdan Hnatiuk gave an ad- 
dress on ‘“‘Space Satellites’? on December 
5. Escape velocity was shown to be de- 
termined by kinetic and potential energy 
equations. The importance that the ve- 
locity and its direction at the perigee has 
on determining the orbit of the satellite 
also was mentioned. 


Jack H. Hunter, Secretary 


University of Wyoming 


On December 3 the Branch saw a movie 
entitled Progress Report onthe F-104. This 
is a Lockheed film showing the history of 
the F-104 from the completion of the pre- 
liminary design to its first test flight. 

ROBERT J. MILLER, Secretary 


Virginia Polytechnic Institute 


The Branch heard an address by Anshal 
I. Neihouse, head of the NACA Spia 
Tunnel System, on November 19. 

Mr. Neihouse’s talk centered around the 
problem of spin in aircraft. He briefly 
explained some of the research that has 
beeu conducted in the spin tunnel at Lang- 
ley. Through the use of accurate scale 
models, he and his staff are able to predict 
the spin characteristics of an aircraft be- 
fore the prototype is built. 

The models used are equipped with small 
magnets that are mechanically linked to 
control surfaces. Large bus-bars encircle 
the tunnel. When they are energized, 
the magnet in the model aligns itself with 
the lines of flux through the tunnel thus 
changing the control surfaces to any pre- 
determined position. This method of 
control is used to study spin recovery with- 
out touching the model which floats in free 
flight in the tunnel 

T. MCDANIEL, Secretary 


NATIONAL NAVAL AVIATION MEETING PROCEEDINGS 


The Proceedings of the Naval meeting (held in San Diego, Calif., August 5-10, 1957) contains all 


unclassified papers presented at the meeting and is now available. 


Nonmember Price: 


$5.00 
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Aeronautical Reviews 


Al Guide to the Current Literature of 
Aeronautical Research and Engineering 


Tis SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


PERIODICALS AND REPORTS.... 
INTERNATIONAL AERONAUTICAL ABSTRACTS. 83 


INTERNATIONAL AERONAUTICAL AB- 
sTRACTS, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by Subject Index to Periodicals & Reports 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the Acoustics, Sound, & Noise. . 78 Laws & Regulations. ... 104 
Air Research and Development Command. Aerodynamics Machine Elements 
Boundary Layer.. 78 Bearings... 104 
A list of the periodicals and reports Control Surfaces. . 78 Seals..... 104 
series received in the IAS Library is pub- ia Mechanics & / Aerodynamic Ar aad 104 
lished semiannually, in the January and Internal How... 78 Ceramics & Ceramals.. .. 104 
July issues. Stability & Control... 78 Corrosion & Protective Coatings. 
The AERONAUTICAL ENGINEERING IN- Aeroelasticity. acerca, 78 Metals & Alloys, Nonferrous..... 107 | 
DEX, published since 1947, provides an Aeronautics, 80 Nonmetallic Materials. ...... 108 
viewed in this section. Air Conditioning & Pressurization. 81 Meteorology........... 108 
Control Systems... .. 81 Military Aviation & Armament. 110 | 
= = Ejection Seats. . 81 Missiles... . . . 110 
Windshields hate 81 Electronic Aids. 112 
THE IAS LIBRARY Airports...... 81 Nuclear Energy. 112 
Aviation Medicine. . 81 Parachutes. . 112 
Publications reviewed in this sec- Computers...... 81 Photography. . iz 
tion are maintained by the Library & Training... 112 
ectronics. ower Fiants 
for use by the [AS Membership. Antennas. . 100 Jet & Turbine. 114 
They are not for sale but are made Circuits & Components. . 100 Rockets. . . 114 
available through the facilities of Communications....... 100 Production 114 
the Library. Construction Techniques. 100 Metalworking. 114 
Cooling... 100 Nonmetalworking. .. 114 
LenpDING Services: Institute Delay Lines. 100 Production Engineering. 114 
members, both Individual and Dielectrics... . 100 Tooling. .. 114 
Pb and books for a period of Oscillators & Signal Generators. 100 Refueling in Flight. , 114 
2 weeks, excluding time in transit. Radar...... 103 Rotating Wing Aircraft. . .. 114 
Excepted are certain reference books Semiconductors. . ee 103 Safety..... 116 
and those IAS publications that Telemetry. . 103 Space Travel. . 116 
may be purchased. = Structures... 118 
= 3 sts: oso Beams & Columns. 118 
Pxotocopy Services: The Li- Hydraulic & Pneumatic... 103 Cylinders & Stelle... 118 
brary is equipped to provide, as Flight Operating Problems... . - 104 Flasticity & Plasticity... 119 
a service, positive photocopies of & Lubricents......... 119 
Gliders. ..... 1 Thermal Stress. 119 
certain materials in its collections. lee Formation & Prevention 104 : 
R Thermodynamics........ 119 
ates on request. Instruments. . 104 Combustion... .... 119 
For detailed information about Automatic Control... 104 Heat Transfer...... 120 
Flow Measuring Devices. . 104 
these and other services, write to: G 4104 Tracks. . ; 120 
yroscopes. OL 190 
John J. Gl i Recording Devices....... 104 VTOL & STOL..... 
onn Gtennon, Liorarien Stress & Strain Measuring Devices. 104 Water-Borne Aircraft... . 120 
Institute of the Temperature Measuring Devices. 104 Wind Tunnels & Research Facilities.. 120 


Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 


March, 1958 / 77 


> ” 
Gy 
| 


Acoustics, Sound, & Noise 


Noise Research in the United Kingdom. | 
J Richards (CAI Annual Gen. Meeting, Olta 
May 27, 28, 1957, Preprint 717.) Can. Aer 
Dec., 1957, pp. 341-357. 48 refs. 

Silencer for Ground Run-Up of Jet Engines 
Eve Sassarsson. Saab Sonics, No. 25, 1957, pp 
¥, 10, 26. Description of an air-cooled exhaust 
gas silencer with movable intake silencers, de 
signed for use in the Saab 32 Lansen. 

Survey of Methods for Evaluating and Measur- 
ing the Diffuseness of a Sound Field. V. \ 
Furduev. Sov. Phys. - Acous., July - Dec., 1955 
pp. 312-326. 21 refs. 

On the Problem of Mutual Interaction Between 
Soundwaves. A. G. Gorelik and V. A. Zverey 
Sov. Phys. - Acous., July-Dec., 1955, pp. 353-357 
Development of a "method for detecting and in 
vestigating the interaction between 
waves in liquids. 

Concerning Certain Second-Order Quantities 
in Acoustics. N.N.Andreev. Sov. Phys.-< 
Jan.-June, 1955, pp. 2-11 Investigation of the 
density and flux of sound energy and of the 
momentum and pressure of the sound radiation 

Concerning one Type of Attenuation of Waves 
Propagating in Inhomogeneously-Stratified Me- 
dia. w. M. BrekhovskikhandI. D.Ivanov. S 
Phys. - Acous., Jan.-June, 1955, pp. 23-31 Anal 
ysis of the propagation of waves in a layer 
bounded on one end by an inhomogeneous me 
dium, in which the velocity of the wave propaga 
tion diminishes with the increasing distance from 
the layer boundary, 

Concerning the General Relationship Between 
ys and Dispersion of Sound Waves. \ 
L. Ginzberg. Sor. Phys Acous., Jan.-June 
1955, pp. 32-41. Derivation of previously known 
results on the propagation of electromagnetic 
waves. Analogous equations are then obtained 
to relate the velocity and absorption coefficient of 
sound, 

Field of a Spatially Extended Moving Sound 
Source. Hans L. ASA J., Nov 
1957, pp. 1,223-1,232. Rigorous de 
termination of the field for a sound source moving 
with subsonic speed in a viscous compressible 
gas, formulated as an initial-boundary value prob 
lem of a system of linear partial differential 
equations 

Diffraction of Plane Sound Waves by a Spheri- 
cal Cavity. D.V.Sivukhin. Sov. Phys. - Acou 
Jan.-June, 1955, pp. 82-93 

Experimental Investigation of Diffraction of 
Acoustic Waves by Periodic Structures. A. N 
Leporskii Sov. Phys Acous., Jan.-June, 1955, 
pp. 50-59. Presentation of experimental patterns 
for scattering by sinusoidal and sawtooth surfaces 
and comparison to theoretical values calculated 
by means of the Brekhovskikh method. 


Scattering of Sound from Plane Inhomogeneous 
Surfaces with Periodically Varying Acoustic Ad- 
mittance. Iu. P. Lysanov. Sov. Phys. - Acous 
Jan.-June, 1955, pp. 60-72. Development of a 
method for calculating the scattering of sound 
from a plane inhomogeneous surface characterized 
by a normal impedance or acoustic admittance 
which is independent of the angle of incidence of 
the sound wave. 

Representation of the Field of an Acoustic 
Source as a Series of Multipole Fields. Hans | 
Oestreicher. ASA J., Nov., 1957, pp. 1,219 
1,222. Development of a method applicable to 
sources which are small compared to the wave 
length 

Correlation of Amplitude and Phase Fluctua- 
tions for Wave Propagation in a Medium with 
Random Irregularities. I.. A. Chernov. S$ 
Phys.-Acous., Jan.-June, 1955, pp. 94-101 Cal 
culation of the coefficient of correlation for am 
plitude and phase fluctuations at the reception 
point. 

Survey of Methods for the Visualization of Ul- 
trasonic Fields. I.. D. Rozenberg. Sov. Phy 
Acous., Jan.-June, 1955, pp. 105-116. 45 refs 
Study of the basic parameters, quadratic effects 
and secondary effects in visualizing the sound 
fields—in particular, the visualization of sound 
images. 

Measurement of the Acoustic Parameters of 
Materials at Ultrasonic Frequencies by Means of 
a Pulse Pipe. N. S. Ageeva. Sov. Phy 
Acous., Jan.-June, 1955, pp. 117-127. Develop 
ment of a method for measuring the complex re 
flection coefficient from a plane surface at ultra 
sonic frequencies by means of a hydroacoustic 
device called a ‘‘pulse pipe 


The Radiation of Sound by the Vibrating Bound- 
aries of an Arbitrary Wedge. I. G. D. Maliu 
zhinets. Sov. Phys.- Acous., Jan.-June, 1955, pp 
152-174. Application of the Sommerfeld integral 
to ‘obtain an accurate solution for the sound pres 
sure field which is caused by the vibration of the 
boundaries of a wedge-shaped region 


acoustic 


Scattering of Acoustic Waves at Small Inhomo- 
geneities ina Waveduct. M.A. Isakovich. Sor 
Phys. - Acous., Jan.-Mar., 1957, pp. 35-45 Ap 
plication of the method of small perturbations t« 
find the field of singly-scattered*waves in a plane 
waveduct with small inhomogeneities. 

Noise Characteristics of the Caravelle. Shei 
Av. News, Sept., 1957, pp. 15-18. Comparison 
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of the take-off noise characteristics of Sud-Avia- 
tion Caravelle with those of conventional propel 
ler-driven airliners 


Comparison of the Take-off Noise Characteris- 
tics of the Caravelle Jet Airliner and of Conven- 
tional Propeller-Driven Airliners. Laymon N 
Miller and Leo L. Beranek. ASA J., Nov., 
1957, pp. 1,169-1,179. (Also in Noise Control, 
Nov., 1957, pp. 42-47, 70.) Evaluation based on 
three factors: relative noise levels, duration of 
noise, and frequency distribution of noise. Noise 
level measurements are made under the take-off 
path at various distances from the beginning of 
the take-off runway 


Aerodynamics 


Boundary Layer 


Aerodynamic Effects of Boundary Layer Un- 


steadiness. Franklin K. Moore. Anglo-Am 
dero. Conf., 6th, Folkestone, Sept. 9-12, 1957 
Pauper. 35 pp. 31 refs. Review of the bound 


ary-layer theory for a flat plate moving with a 
time-dependent velocity Includes analysis of 
uirfoil lift hysteresis. 

An Approximation of the Boundary of a Super- 
sonic Axisymmetric Jet Exhausting sate. a Super- 
sonic Stream. E.S. Love. J. Aero Feb., 
1958, pp. 130, 131 Description of ihe ed 
proposed for fiows with local, sufficiently high 
Mach Numbers on either side of the boundary 
ayer to permit use of shock expansion techniques 

On Laminar Separation Bubbles. Kenneth R. 
Cramer. J. Aero. Sct., Feb., 1958, pp. 143, 144 
Analysis of leading-edge separation bubbles, and 
their effects on the downstream boundary layer 
and the airfoil lift characteristics 


Increased Usable Lift Through Boundary Layer 
Control. Charles W. Harper. Anglo-Am. Aero 
nf., 6th, Folkestone, Sept. 9-12, 1957, Paper. 
28 pp. Discussion of boundary-layer control 
principles, and presentation of results from ap- 
plications to wind-tunnel models and F-86 aircraft 


Control Surfaces 


Some Early Jet Flap Experiments. N. A 
Dimmock. Aero. Quart., Nov., 1957, pp. 331 
45 Presentation of some ‘‘second stage’’ two 
limensional experiments, along with some com- 
ments on the results. 

Preliminary Analysis for a Jet Flap System in 
Two-Dimensional Inviscid Flow. E.C. Maskell 
and S. B. Gates. Gt. Brit., ARC CP 359, 1957. 
23 pp. BIS, New York, $0.63. Establishment of 
some properties for a thin jet, and presentation of 
some momentum theorems connected with a jet 
ssuing from a body in a uniform field of flow. 


Fluid Mechanics & Aerodynamic Theory 


A Method for Solving Problems of Irrotational 
Gas Flow by Means of High-Speed Digital Com- 
puters. Toyoki Koga. ASME Summer Con- 

e, Berkeley, Calit., June 13-15, 1957, Paper 
7—APM-43.) J. Appl. Mech., Dec., 1957, pp. 
497-500. Description of the method for a bidi- 
mensional case, as well as presentation of an ex- 
ample 

Flow with Exchange of Mass, Momentum and 
ge af" J. Litwinsizyn. Acad. Pol. Sci. Bul., 
No. 4, 1957, pp. 221-226 

Untersuchungen an Karman- 
schen Wirbelstrassen. Rudolf Frimberger. ZFW, 
Dec., 1957, pp. 355-359. 10 refs In German 
Presentation of test results for Karman vortex 
streets, from measurements in water channels and 
wind tunnels, particularly behind circular cylin- 
ders. In the case of wind-tunnel measurements, 
the characteristic vortex-street quantities are 
measured up to Reynolds Numbers of 2.5 X 105, 

ising the hot-wire method 

On the Spectrum of Natural Oscillations of 
Two-Dimensional Laminar Flows. D. Grohne 

S., NACA TM 1417, Dec., 1957. 34 pp 13 
refs. Analysis of the whole spectrum of the char 
acteristic values and of the shape of the natural 

scillation of the stability of laminar flows. 

Motion of a Laminar Twisting Stream of In- 
compressible Fluid Along the Surface of a Cone. 
L. A. Vulis and V. P. Kashkarov. Sov. Phys. - 

Phys., Oct., 1957, pp. 2,612-2,615. Deriva- 
tion of the velocity profile (longitudinal and rotat- 
ng components) for first approximation, corre- 
ponding to self-simulated motion 

Estimating Aerodynamic Characteristic Times 
12 Flow. Sinclaire M. Scala. J. 

, Feb., 1958, pp. 131, 13 

Remarks on the of Piston 

Theory and Supersonic-Hypersonic Similarity. 
A. Bird J. Aero. Sci., Feb., 1958, pp. 138, 

The oe of a Shock Wave on a Movable 
Wa F. Meyer. J. Fluid Mech., Dec 
1987, bn 309- 323 Derivation of an approxi- 
mate solution for the one-dimensional motion 
lowing the impact of a shock wave on a wall 
which is free to move 

On Fully-Dispersed Shock Waves in Carbon 
Dioxide. Wayland C. Griffith and Anne Kenny. 

luid Mech., Dec., 1957, pp. 286-288. Theoreti- 


cal and experimental investigation showing that 
within a narrow speed range, from shock Mach 
Number of 1.00 to 1.042, shocks are fully dis- 
persed. Such waves are observed experimentally 
using a shock tube and interferometer. 

Response of Nonlinearly Supported Spherical 
Boundaries to Shock Waves. M. L. Baron. 
(ASME Summer Conference, Berkeley, Calif., 
June 13-15, 1957, Paper 57-APM-12.) J. Appl. 
Mech., Dec., 1957, pp. 501-505. ONR-sponsored 
development of a nonlinear equation, solved nu- 
merically for a set of parameters 

Hypersonic Conical Shocks for Dissociated Air 
in Thermodynamic Equilibrium. Saul Feldman 
Jet Propulsion, Dec 1957, pp. 1,253-1,255 
USAF-sponsored investigation and solution of 
the conical shock equation for an incompressible 
fluid downstream of the shock. 


Internal Flow 


The Flow Through Short Straight Pipes in a 
Compressible Viscous Stream. Appendix I— 
Note on the Characteristics of Non-Viscous, Com- 
pressible Flow in Straight Pipes of Monotonic 
Taper. Appendix II—Critical Length/Radiug 
Ratio for Parallel Pipes in Viscous Flow. J. 
S:-ddon Gt. Brit., ARC CP 355 (Apr., 1955) 
1957. 33 pp. BIS, New York, $0.90. Presen- 
tation of curves for determining the maximum 
length/radius ratio of a parallel pipe which will 
permit supersonic internal flow, in terms of the 
Mach Number of the stream and Reynolds Num- 
ber of the pipe he curves are given for both 
laminar and turbulent internal boundary layers, 

The Flow of Swirling Water Through a Con- 
vergent-Divergent Nozzle. A. M. Binnie, G. A. 
Hookings, and M. Y. M. Kamel J. Fluid 
Mech., Dec., 1957 pp. 261-27 Experimental 
investigation using Perspex nozzles, arranged to 
discharge vertically downwards and in which the 
convergent part is followed by a short divergency, 
Results show that at low swirls the flow is un- 
stable 


Stability & Control 


Three-Degree-of-Freedom Evaluation of the 
Longitudinal Transfer Functions of a Supersonic 
Canard Missile Configuration Including Changes 
in Forward Speed. Ernest C. Seaberg. U. 
NACA TN 4192, Dec., 1957. 29 pp. 11 refs. 
Presentation of data obtained from previous flight 
tests in order to include the variation of the drag 
coefficient with angle of attack and the variation 
of the force and moment coefficients with veloc- 


ty. 

**Mixed’’ Motions. John M. Schuler. Res, 
Trends (Cornell Aero. Lab.), Fall, 1957, pp. 5-7. 
Discussion of the problems in inertia coupling and 
aerodynamic coupling of aircraft with long fuse- 
lages and stubby wings, and review of the theory 
developed to solve such problems. 

Remark on Stability Equations. Erich 
Sponder. J. Aero. Sci., Feb., 1958, pp. 129, 130. 
Consideration of the equations for the simplified 
case of a purely yawing aircraft, without any drag, 
thrust, or side force 


Wings & Airfoils 


Measurement of Aerodynamic Forces for Vari- 
ous Mean Angles of Attack on an Airfoil Oscillat- 
ing in Pitch and on Two Finite-Span Wings Oscil- 
lating in Bending with Emphasis on Damping in 
the Stall. Appendix A—Effects of Leading- 
Edge Conditions on Aerodynamic Damping for 
Airfoil Oscillating in Pitch. Appendix B—Some 
Observations on Time Histories of Individual 
Pressures on an Oscillating Airfoil Near Stall. 
Appendix C—Some Remarks Concerning Non- 
linearities in Aerodynamic Forces. Appendix 
D—Development of Data-Reduction Relations 
for Finite-Span Wings Oscillating in First Bend- 
ing Mode. A. Gerald Rainey. U.S:, NACA 
Rep. 1305,1957. 33pp. 18refs. Supt. of Doc., 
Wash., $0.40. 

Aerodynamic Force Characteristics of Delta 
Wings at Supersonic Speeds. Seymour Lampert. 
CIT Jet Propulsion Lab. Rep. 20-82, Sept. 9, 1954. 
43 pp. 23 refs Experimental investigation 
carried out in 12- and 20-inch, flexible throat wind 
tunnels, to check the reliability of existing lin- 
earized-wing theory 

The Area Rule. K. Oswatitsch. Appl. Mech. 
Rev., Dec., 1957, pp. 543-545. 20 refs. Review 
of the available literature on the area rule. 


Aeroelasticity 


An Appraisal of Aeroelasticity in Design, with 
Special Reference to Dynamic Aeroelastic Sta- 
bility. Martin Goland. Anglo-Am. Aero. Conf., 
6th, Folkestone, Sept. 9-12, 1957, Paper. 24 pp 
!l refs. Survey of the current progress in flutter 
engineering in the light of design needs, assessed 
in terms of the progress in flutter dynamics, aero- 
dynamics, and structures 

Nonlinear Oscillations. Karl Klotter. Appl. 
Mech. Rev., Nov., 1957, pp. 495-498. 67 refs 
Survey of the literature dealing with nonlinear 
oscillations. 

Fatigue Loadings in Flight-Loads in the Tail- 
plane of a Comet I. Anne Burns. Gt. Brit., 
ARC CP 363, 1957. 19 pp. BIS, New York, 
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THE PILOT'S PARTNER IN PRECISION 


BENDIX INTEGRATED FUEL METERING AND ENGINE CONTROL SYSTEM 


When a pilot swings the lever from 
idle to emergency thrust or back again, 
he depends upon the Bendix* Fuel 
Metering and Engine Control System 
to take charge. 

Fuel feed is automatically computed 
and scheduled. Geometric controls, 
such as exhaust nozzle area and inlet 
vane angles, are set automatically and 
instantly. Engine response is crowded to 
the limit—but never beyond. The pen- 
ities of over-temperatures, compressor 


Bendix fivrsics South Bend, wo. 


stall, or flame out are eliminated by the 
precision operation of the Bendix Fuel 
Metering and Engine Control System. 

The matched sets of Bendix com- 
ponents — pressure and temperature 
sensors, electronic amplifiers, fuel me- 
tering units and engine control actu- 
ators always work together as a system, 
spanning the length and girth of the 
engine. 

Obviously, fuel metering and engine 
controls that are designed and built to 


work in unison assure far better per- 
formance than any arbitrarily assem- 
bled system. 

So, when you are planning fuel me- 
tering and engine controls, think in 
terms of a complete and integrated 
system. Then, we suggest you think of 
Bendix and the Bendix Products Division. 


* TRADEMARK 
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MARS outstanding design SERIES 


brings ‘em back alive 


Today’s burning problem in space flight is how 
to case a rocket safely back to earth, without being 
consumed by the metal-melting friction of our dense 
atmosphere. Design Engineer Carl J. Rauschenberger’s 
ingenious suggestion is a pair of wings, locked for- 
ward at blast-off, later folded back into flying position 
(insert) by hydraulic cylinder controls for a slow, safe 
descent. Mr. Rauschenberger also envisions a retract- 
able glass nose cone, heatproof to withstand the take- 
off, drawn back to admit air to a jet engine on the 
return flight. 

This outstanding solution to a timely design 
problem may already exist in working drawings on 
somebody’s drafting board, or even in mock-up form. 
But whether a project is developed today, tomorrow 
or the vear after next, it will always be important to 
shape ideas into realities with the best of drafting tools. 

In pencils, of course, that means Mars, long the 
standard of professionals. Some outstanding new prod- 
ucts have recently been added to the famous line of 
Mars-Technico push- button holders and leads, Lumo- 
graph pencils, and Tradition- Aquarell painting pencils. 
These include the Mars Pocket-Technico for field use; 
the efficient Mars lead sharpener and “Draftsman” 
pencil sharpener with the adjustable point-length fea- 
ture; Mars Lumochrom, the color-drafting pencils and 
leads that make color-coding possible; the 1 new Mars 
Non-Print pencils and leads that “drop out” your 
notes and sketches when drawings are senumaiik 
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The 2886 Mars-Lumograph drawing ps 19 de- 
grees, EXEXB to 9H. The 1001 M Technico 
push-button lead holder. 1904 Mar nograph 
imported leads, 18 degrees, EXB to 9H. Mars- 


Lumochrom color-drafting pencil 


SS|TAEDTLER INC. 


HACKENSACK, NEW JERSEY 


at all good engineering and drawing material suppliers 


80 / Aeronautical Engineering Review 


$0.54. Experimental investigation under condi 
tions including flight in turbulence, take-off, land- 
ing, taxiing, and ground running of the engine; 
and discussion of the results. 

The Damping Effect of Surrounding Gases on a 
Cylinder in Longitudinal Oscillation. M. T. 
Browne and J. R. Pattison. Brit. J. Appl. 
Phys., Nov., 1957, pp. 452-456. 14 refs. Quan- 
titative investigation to ‘confirm the theoretical 
estimations. Results indicate a possible preci 
sion method for the determination of gas viscosi- 
ties. 


Nodal Patterns of the Free Flexural Vibrations 
of Stiffened Plates. W.H. Hoppmann and L. S 
Magness ASME Summer Conference, Berkeley, 
Caltf., 13-15, Paper 57-APM-38.) J, 
Appl. Mech., Dec., 1957, pp. 526-530. 12 refs 
Army-Navy-sponsored investigation of normal 
modes, using results from previous research, and 
illustration of their calculation by an example 

Analytical Results of Certain Nonlinear Flutter 
Problems. S. F. Shen and C. C. Hsu. J. Aero 
Sci., Feb., 1958, pp. 136, 137. Application of the 
Kryloff-Bogoliuboff theory to a flutter problem 
with a steady oscillation 

Vibration: A Survey of Industrial Applica- 
tions. J P. den Hartog. The Engr., Nov. 22, 
1957, pp. 739-745. Discussion of the vibrations 
excited by av friction, oil whip, leakage through 
narrow passages, flutter, stall phenomena, Kar 
man vortices, shimmy, instability of combustion 
in rocket engines, and other cases. 


Aeronautics, General 


New Age of Flight. Westinghouse Ener., Nov., 
1957, pp. 162-165. General discussion on the 
complexity of modern weapon systems and possi 
ble future trends 

CAC Comes of Age. I-The Outlook for CAC; 
Military and Civil Future. I1—The Production 
Story. Aircraft (Australia), Oct., 1957, pp. 28- 
41, 86, 90, 94 

The Application of Physics to High Speed 
Flight. C.R.Faulders. J. Eng. Educ., Dec., 1957, 
pp. 201-208. 13 refs. Discussion of the role of 
physics in solving aeronautical engineering prob- 
lems. 

The ABC Conference on Unification of Drafting 
Practice. C. E. Hilton Mag. of Standards, 
Nov., 1957, pp. 321-324. Discussion of the 
specific changes in national drawing standards; 
these include the format of the drawing, projec 
tion, line conventions, sections, and screw thread 
representation 

Areas of Agreement and Disagreement in the 
Drawing Standards of the United States, Great 
Britain, and Canada. Leon DeMause and R. P. 
Trowbridge. Mag. of Standards, Nov., 1957, pp. 
325-327 

True Position on Drawings. N. E. Brown and 
Joseph Stannard. Mag. of Standards, Nov., 
1957, pp. 327, 328 

Maximum Material Condition on Drawings. 
P. G. Belitsos Mag. of Standards, Nov., 1957, 
pp. 329-332. Discussion of a standard to recog- 
nize the relationship of geometric and positional 
tolerances to the size tolerances of various features 
of component parts 

Geometric Forms. Stuart C. Miller. Mag. of 
Standards, Nov., 1957, pp. 333-335 Discussion 
of the need for symbols to define geometrical and 
positional tolerance requirements and the need 
for standardizing such symbols. 


Air Transportation 


Special Issue: Annual Foreign Trade Number. 
Air Transp., Nov., 1957, pp. 3-82. Directory of 
airline cargo companies, and presentation of air 
cargo statistics 

Special Issue: Airlines of the World. The 
Aeroplane, Nov. 15, 1957, pp. 713-729. Partial 
Contents: Selling to the World’s Airlines, F. G. 
Swanborough. Trends in the Airline Industry, 
H. A. Taylor. World Airline Statistics—1956, 
Guide to the World's Airlines. 

Britain’s Air Transport Future from the Air- 
craft Manufacturing Viewpoint. J. H. Motum. 
Inst. Transp. J., Nov., 1957, pp. 219-226. 

Vision in Air Cargo. I. Stanley H. Brewer 
Air Transp., Dec., 1957, pp. 12-15, 23, 24. Study 
of air cargo economic development and its future 
potential. 

The Economics of Civil Turbine Operation. 
G. R. McC >regor. (CAI-IAS Joint Meeting, 
Montreal, Oct 21,22, 1957.) Can. Aero. J., Dec., 
1957, pp. 332 335. Discussion based on capacity 
and fleet size, route pattern, aircraft types, and 
staggered obsolescence. The three types of air- 
craft chosen for TCA are presented. 


Airplane Design 


New Challenges of Advanced Aircraft. Alfred 
H. Petersen. Western Av., Dec., 1957, pp. 6-8 
Discussion of the future of unmanned aircraft and 
of problems arising from the thermal barrier for 
missile and aircraft designers. 

Sabreliner Fits USAF Shelf Item Concept. 
Irving Stone. Av. Week, Dec. 9, 1957, pp. 53, 55, 
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56, 59, 63, 65. Design and structural details of 
North American twin-jet utility trainer. 


Flying the President. John Fricker. The 
Aeroplane, Oct. 18, 1957, pp. 589-591. Discus- 
sion of handling qualities, communication equip- 
ment, and performance characteristics of Hunting 
Percival twin-engine light transport. 


Boeing B-52. Flight, Nov. 15, 1957, pp. 771 
778, cutway drawing. Design, structural, and 
system characteristics of the SAC intercontinen- 
tal bomber. 


A Vintage Russian Transport. The Aeroplane, 
Dec. 6, 1957, pp. 841, 844-847. Design, struc- 
tural, performance, and power-plant characteris 
tics of Ilyushin Il-12/14 series transports. 


Arrow. Flight, Oct. 25, 1957, pp. 647-654, 
cutaway drawing. Discussion of the develop 
mental history, aerodynamic and structural char 
acteristics, and production tooling programs for 
the Canadian Avro CF-105 long-range interceptor. 


Canadair’s CL-44. F. M. Francis. Aircraft 
(Canada), Nov., 1957, pp. 38-40, 129. Discus 
sion of the performance and design characteristics 
of the multirole transport airliner. 


Grumman’s Propjet Gulfstream. Flight Mag., 
Nov., 1957, pp. 32, 33, 68. 69. Design and per- 
formance characteristics of a business air trans- 
port powered by two Rolls-Royce Darts. 


Leduc Ramjet Interceptor Project Faces Can- 
cellation. David A. Anderton. Av. Week, Nov 
4, 1957, pp. 50-57, 61, 63. Description of the 
second prototype 0.22 in a series of man-carrying, 
ramjet-powered aircraft. Essentially the 0.22isa 
flying power plant in which almost every possible 
design concession has been made to get optimum 
engine performance. 


Ab Initio Jet; An Introduction to the Hunting 
Jet Provost T. MK. 3 Trainer. James Hay 
Stevens Aircraft (Canada), Dec., 1957, pp. 
16, 17, 19, 20, 80, 83. Discussion of handling 
qualities and structural characteristics of the 
British jet trainer. 


Utility Jet by Lockheed. The Aeroplane, Nov 
29, 1957, pp. 815-817. Design and performance 
characteristics of the CL-329 Jetstar. 


How Large Need a Fighter Be? Tore Gulst 
rand and Hans Olof Palme. Saab Sonics, No. 
25, 1957, pp. 2-5. Analysis of the factors bearing 
on size, cost, and combat value of an aircraft, and 
an outline on how to weigh these factors against 
each other at the project stage in order to arrive 
at an optimum result 


French Design Honeycomb Tactical Fighter. 
Irwin Stambler. Av. Age, Dec., 1957, pp. 26-31 
ff. Design, performance, and structural charac 
teristics of the lightweight Breguet 1001 Taon. 


Light Fighter by Folland. The Aeroplane, 
Nov. 22, 1957, pp. 771-778, cutaway drawing 
(Also in Flight, Nov. 22, 1957, pp. 799-808.) 
Design, structural, and performance characteris- 
tics of the Folland Gnat. 


Mating the P & W J57 Turbojet to the F-102. 
R. J. Chillo. SAE J., Dec., 1987, pp. 33-36. 
Discussion of design problems pertaining to engine 
installation, including the engine mounting system, 
the air intake, and the engine shroud. 


Air Conditioning & Pressurization 


Les Conditions Respiratoires dans les Fusées 
Intercontinentales. M. Maurice-Vital Strumza. 
(Congres Internall. Fusées & Engins-Guidés, Paris, 
Dec. 3-8, 1956.) Fusées, July, 1957, pp. 241-243. 
In French. Review of the breathing conditions 
in intercontinental missiles, including problems of 
oxygen supply, elimination of carbon dioxide, 
humidity, and odors 


Control Systems 


Control Systems Outlook. Flight, Nov. 15, 
1957, pp. 767-770. Discussion of the control 
system development, including flying controls, 
feel simulation, integrated starting systems, as 
well as fuel systems for future civil aircraft. 

Some Ground Measurements of the Forces 
Applied by Pilots to a Side-Located Aircraft Con- 
troller. Roy F. Brissenden. U.S., NACA TN 
4171, Nov., 1957. 17 pp. Presentation of force 
levels and the operating range, taking into account 
arm position effects, for a controller located at 
one side of the cockpit and situated so the pilot's 
arm may be supported. 

Electronic Pilot Automates Fighter in Aerial 
Attack, Ground-Controlled Intercept, All-Weather 
Flight, Low Approach. James Holahan. Av. 
Age, Dec., 1957, pp. 102-108 ff. Description of 
the MB-5 autopilot for the F-101B all-weather 
interceptor. 

A Geared Flywheel Balance Arrangement for 
the Prevention of Control Surface Flutter. W. 
G. Molyneux. Gt. Brit., ARC CP 365, 1957. 16 
pp. BIS, New York, $0.54. 


Ejection Seats 


Bail Out. Ryan Reporter, No. 5, 1957, pp. 
4-8, 28, 29. Discussion of bail out problems in 
VTOL aircraft and of some possible solutions. 


Landing Gear 


Effect of Dissolution on Oleopneumatic Shock- 
Strut Performance. Charles W. Bert. J. Aero. 
Sct., Feb., 1958, pp. 135, 136. Analysis of the 
discrepancy between theory and experiment for 
static and slowly applied loading caused by gentle 
landings and taxiing. 


Windshields 


Development of a One-Piece Plastic Wind- 
shield for High-Speed Aircraft. Appendix I— 
Basic Property Study—Mil-P-9489 (Polymer K) 
and Mil-P-8184 (Plexiglas 55). Appendix II— 
Supplementary Windshield Temperature Analy- 
sis. Richard S. Hassard and Duane C. Shearer. 
USAF WADC TN 55-241, Pt. II {AD 130961}, 
July, 1957. 64 pp. Discussion of final design, 
construction, and testing. 


Airports 


Aircraft Overrun Barriers. John E. Snow. 
Aero. Eng. Rev., Feb., 1957, pp. 37-40. Discus- 
sion of the design and operation of arresting bar- 
riers for jet aircraft not stressed for rapid decelera- 
tion loads. 


Aviation Medicine 


What Makes a Flyer Ill? H. M. C. Luykx. 
J. Av. Med., Dec., 1957, pp. 523-530. Statistical 
comparison of types and number of illnesses for 
flying and nonflying Air Force personnel. 


The Hostile Environment as a Cause of Aircraft 
Accidents. Harry G. Moseley and Vernie A. 
Stembridge. (NATO AGARD 10th Aeromed. 
Panel, Paris, Apr. 2, 1957.) J. Av. Med., Dec., 
1957, pp. 535-540. Study of physical and physio- 
logical factors creating an adverse environment for 
the pilot. The discussion includes the adversity 
of space, altitude, velocity, and intolerance. 


A Technique for Instrumenting Sub-Gravity 
Flights. Grover J. D. Schack and David G. Si- 
mons. J. Av. Med., Dec., 1957, pp. 576-582. 
Description of instrumentation designed as an aid 
to the pilot in obtaining the maximum duration of 
the weightlessness state and to record quantita- 
tively the g forces acting on the subject and on 
the aircraft frame. 

Long Term Human Confinement in Space 
Equivalent Vehicles. Charles A. Dempsey, 
Franklin D. Van Wart, John H. Duddy, and Jack 
K. Hockenberry. (AAS 3rd Annual Meeting, 
New York, Dec. 6, 1956.) J. Astronautics, Au 
tumn, 1957, pp. 52, 53,59. Establishment of basic 
standards of human capability based on the 56 
hour study in a test facility consisting of a grounded 
F-84 aircraft. Four bio-electric measurements 
were made. 


A Study of the Effectiveness of Gloves for the 
Reduction of the Contact Radiation Hazard As- 
sociated with Contaminated Aircraft. James E. 
Banks, James L. Dick, and James M. Pulliam. 
USAF SWC TR 57-26 [| AD 96305], Sept., 1957. 
16 pp. 

The Human Computer in Flight Control. Ap- 
[gp I—Some System Function Attributes of 

an as Compared to Machines. Appendix II— 
The Anticipator-Memory Model. Lawrence J. 
Fogel. JRE Trans., EC Ser., Sept., 1957, pp. 
195-202. 50 refs. Summary of the efforts to 
develop mathematical models for human tracking. 
It is emphasized that the human decision-making 
ability must be incorporated into the model before 
a realistic representation can be attained. 


Crash Injury Research—A Means of Greater 
Safety in Aircraft Accidents. A. Howard Has- 
brook. (NATO AGARD 10th Aeromed. Panel, 
Paris, Apr. 3, 1957.) J. Av. Med., Dec., 1957, 
pp. 541-552. 15 refs. Review of the need for 
crash-injury investigations of survivable type ac- 
cidents, in combination with detailed structural, 
medical, and pathologic studies. In addition, 
the results of part crash-injury investigation and 
their use in the design of present propeller-driven 
and future jet transports are discussed. 


A New Look at Aviation Physiology. Harvey 
E. Savely and James P. Henry. J. Av. Med., 
Dec., 1957, pp. 531-534. Discussion emphasiz- 
ing the need for more study of the nervous system 
in aviation physiology and for a closer alignment 
with psychology. 


Physiologic Factors in Aircraft Accidents in the 
U. S. Air Force. Eugene B. Konecci. J. Av. 
Med., Dec., 1957, pp. 553-558. Study conclud- 
ing that the factors affecting the normal physio- 
logic state of the pilot are contributing rather than 
primary cause of major aircraft accidents. 


Linear Distance Changes Over Body Joints. 
Irvin Emanuel and James T. Barter. USAF 
WADC TR 56-364[AD 118003], Feb., 1957. 38 
pp. Measurements of joints and joint complexes 
on 30 men. Summary statistics and design values 
are presented for 48 linear distant changes. 


Investigation of the Co-Ordination of Rhythmi- 
cal To-and-Fro Movements of the Extremities of 
Normal Subjects. A. Wuest. (U. Freiburg, 
Doct. Thesis, 1951.) Gt. Brit., MOS TIL/- 
T4579, Aug., 1957. 16 pp. 17 refs. 


Correlates of Manifest Anxiety in Beginning 
Pilot Trainees. Saul B. Sells, David K. Trites, 


and Herman S. Parish. J. Av. Med., Dec., 1957, 
pp. 583-588. Results of a brief battery of anxiety 
measures administered on six occasions to 249 
students. 


Performance of a Simple Vigilance Task in 
Noise and Quiet. Harry J. Jerison. (USAF 
WADC TR 57-318, June, 1957.) ASA J., Nov., 
1957, pp. 1,163-1,165. 

A Hearing Evaluation of a Squadron of Jet Air- 
craft Personnel. R. G. Hansen and C. Wester- 
beck. Mil. Med., Nov., 1957, pp. 319-324. 
Study of 141 maintenance personnel members to 
obtain data for preliminary evaluation of some 
of the procedures proposed by a revision of Air 
Force regulations. Examination included a case 
history, otorhinological examination, and two au- 
diograms. 


Intercorrelations Among Leadership Criteria 
for a Population of Air Force Instructors. Donald 
T. Campbell. USAF PTRC RRTN 57-90[AD 
134233], June, 1957. 5 pp. 


The Human Pilot as an Aircraft Operator. T 
C. D. Whiteside. Anglo-Am. Aero. Conf., 6th, 
Folkestone, Sept. 9-12, 1957, Paper. 15 pp. De 
scription of the advantages and failures of man 
from the psychological and medical point’of view. 


Computers 


A New Storage Element Suitable for Large- 
Sized Memory Arrays—The Twistor. Andrew 
H. Bobeck. Bell System Tech. J., Nov., 1957, 
pp. 1,319-1,340. Development of three methods 
for storing information in a coincident-current 
manner on magnetic wire. Two of the methods 
utilize the strain sensitivity of magnetic materials 
and are related to Wertheim or Wiedemann ef 
fects; the third utilizes the favorable geometry of 
a wire. 

The Weapons System Approach to Air Data 
Computing. H. F. Creel. (NavBuAer Sym- 
posium on Air Data, Buffalo, Sept. 24-26, 1957.) 
Aero. Eng. Rev.. Feb., 1958, pp. 41-44, 50. Dis- 
cussion of the centralized air data computer for 
controlling all sub-systems and of its advantages. 
These include: a higher degree of accuracy, 
greater reliability, less weight and space, better 
response due to the deletion of many pneumatic 
lines and bellows assemblies, and greater flexi- 
bility through the use of servoed shaft outputs to 
drive various types of signal generators. 


Digital Codes in Data-Processing Systems. 
M. P. Atkinson. Soc. Inst. Tech. Trans., Dec., 
1957, pp. 124-130. Description of digital codes 
and of some methods for designing such codes. 
Some of the considerations involved in designing 
error-detecting and error-correcting codes are also 
discussed. 


Gaussian Integration for the Digital Computer. 
Sullivan G. Campbell. Duke U., Dept. Math. 
(AFOSR TN 57-708) | AD 136702], Sept., 1957. 
32 pp. Analysis of Gaussian integration proce- 
dures with respect to general scientific computa- 
tional utility. 

New System for Handling Flight Test Data. 
H. W. Royce. SAE J., Dec., 1957, pp. 54, 55. 
Description of a data processing system to handle 
flight test data right in the aircraft. It will re- 
cord the slowly changing data on quasi-static 
measurements, and it is capable of sampling up 
to 1,000 measurements once each per second. 


Numerical Mathematics and Computing Mech- 
anisms. Sullivan G. Campbell. Duke U., 
Dept. Math. (AFOSR TN 57-584) [AD 136572], 
Sept., 1957. 63 pp. Review of the development 
of numerical computing techniques and of me- 
chanical computers. 


Logical Characterization of Automata. Sullivan 
G. Campbell and Gordon H. Rosser, Jr. Duke 
U., Dept. Math. (AFOSR TN 57-706) [AD 13- 
6700], Sept., 1957. 9 pp. Presentation of some 
brief examples of the theories developed by A. W. 
Burks and H. Wang with respect to analysis of 
fixed, deterministic automata by state tables. 


A Decimal Adder for Data Handling Systems. 
G. C. Rowley. Gt. Brit. RAE TN M.S. 36, May, 
1957. 15 pp. Description of a device which 
sums successive decimal readings at the output of 
a data handling system to form a measure of the 
integral of the function being traced. 


The Application of Theory and Electronic Com- 
puters to Automatic Control. W. Frey. Brown 
Boveri Rev., Nov., 1957, pp. 468-472. 


The Logic of Automata. II. Arthur W. Burks 
and Hao Wang. Assoc. Comp. Mach. J., July, 
1957, pp. 279-297. OSR-supported study showing 
how the information contained in state tables can 
be expressed in matrix form. It is alsoshown how 
to decompose a net into several subnets which con- 
tain cycles but which are not themselves inter- 
connected cyclically. 

An Analog Method for the Solution of Proba- 
bility of Hit and Related Statistical Problems. 
Thomas B. Van Horne. IRE Trans., EC Ser., 
Sept., 1957, pp. 170-175. USAF-supported ap- 
proximate solutions of probability of hit problems 
are achieved by means of a simulation involving a 
masked oscilloscope and photocell for the target 
and samples from random noise generators for the 
system dispersions. 

Designing FM Systems with an Analog Com- 
puter. Henry A. Musk. Electronic Des., Dec. 1, 
1957, pp. 40-43. Application of the device to 
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Precisely 
for you— 


e extensive knowledge and engineering experi- 
ence in the design and development of jet engine 
fuel injection nozzles. 


e the ability and personnel to save you valuable 
time by putting your ideas into action from draw- 
ing board through prototype models for test. 


e the facilities to mass produce to your most 
precise specifications. 


These are but some of the reasons why 
Eddington is so well qualified and equipped to 
contribute to your jet engine nozzle program. 

We invite you to project your plans with us. 


igton Nozzle 


EDDINGTON METAL SPECIALTY COMPANY 
EDDINGTON, PENNSYLVANIA 
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the analysis of synchronously tuned antenna net- 
works for transmitter frequency modulation. 
Includes the determination of the fundamental 
circuit characteristics and qualitative calcula- 
tions 

Analog Computer Applications in Predictor 
Design. M. R. Bates, D. H. Bock, and F. D. 
Powell. JRE Trans., EC Ser., Sept., 1957, pp. 
143-153. 11 refs. Navy-supported description 
of equipment for measuring power spectra at very 
low frequencies It is shown that analog circuits 
having the transfer functions of exact stagger 
tuned triples, with flat response in the pass band 
and good skirt selectivity, are easily designed and 
utilized in conjunction with magnetic tape record- 
ings. 

Using Digital Computers. John R. M. Alger 
Mach. Des., Dec., 1957, pp. 128-132. Discussion 
of fatigue, bearing life, equivalent load, static 
capacity, friction and limiting speeds, and pres- 
entation of data on various bearing series. 


Education & Training 


Advanced Education and Academic Research in 
Aeronautics. Clark B. Millikan. (45th Wilbur 
Wright Memorial Lecture, London, Sept. 13, 1957.) 
RAeS J., Dec 1957, pp. 793-810. Discussion of 
the curriculum for undergraduate and post-grad- 
uate engineers; a description of the activities of 
government agencies supporting academic re- 
search; and a description of three research facili- 
ties: GALCIT, California Cooperative Wind 
Tunnel, and Jet Propulsion Laboratory. 

Navigation Selection in the Indian Air Force. 
Vir Narayan. Indian AF Quart., Jan.-Mar., 
1957, pp. 13-22 Discussion of current selection 
policies and recommendations for improved selec 
tion methods 


Engineering Education and Training by In- 
dustry. W. H Arata, Jr (CAI-IAS Joint 
Meeting, Montreal, Oct. 22, 1957.) Fairchild 
Aircraft Div., Paper,1957. 22pp. 26refs. Dis- 
cussion of programs and methods to induce more 
young people to enter the engineering profession 

A Map-Match Method for the Assessment of 
Navigator Performance in Radar Bombing. 
Robert S. Daniel, Robert G. Eason, and R. Dale 
Dick. USAF PTRC DR TN 57-114 {AD 
134237], Aug., 1957. 16 pp. 

A Review of the Literature Relating to the 
Scope-Interpretation and Map-Reading Tasks of 
the Aircraft Observer. William H. Lichte, Rob- 
ert G. Eason, John G. Miller, Clarence R. Borre- 
son, and Eugene Wist USAF PTRC RR TN 
57-110 [AD 134231], Aug., 1957. 37 pp. 67 
refs. 

Fighting 32. Roy Johnson. Connecting Link, 
Dec., 1957. 3 pp Application of an FS8U-1 
simulator to the training of fighter pilots. 


Electronics 


Exclusive Report on Countermeasures. I 
Avionics Fight Its Own Silent War. II—Avionics 
War Aims at Deceit, Confusion. Philip J. Klass 
Av. Week, Nov. 18, 25; 1957, pp. 50, 51, 53, 54 
57, 59, 63: 102, 103, 105, 106, 109 Discussion of 
the phy sical principles of electronic countermeas 
ures, review of the historical development during 
World War II, and presentation of modern appli- 
cations and techniques 

The Transactor. A. W. Keen. Electronic & 
Radio Engr., Dec., 1957, pp. 459-461. Study of 
transmission-type active elements called transac- 
tors, used to replace two-terminal and contact 
voltage generators in circuits of active networks, 
in order to display more accurately the transmis- 
sion properties of such networks 

The Junction Transistor as a Network Element 
at Low Frequencies. I[I—Equivalent Circuits and 
Dependence of the A Parameters on Operating 
Point. J. P. Beijersbergen, M. Beun, and J. te 
Winkel. Philips Tech. Rev., No. 3, 1957, pp. 98 
105 Discussion of the dependence of h param- 
eters of a junction transistor from the biasing 
(d.c. operating point) and the temperature. 


A Design Technique for Pedestal-Free Switch- 
ing Circuits. Georg e¢ Sebestyen. JRE Trans., 
EC Ser., Sept., 1957, pp. 162-166 Discussion of 
fundamental differences between mechanical and 
electronic switching circuits, with special empha- 
sis on the problem of pedestals 

Computation of Crystal Admittance; A Com- 
parison of Measured and Theoretical Charac- 
teristics. W. J. Lucas and P. B. Barber. Elec 
tronic & Radio Engr., Dec., 1957, pp. 454-458. 


Transistor Inverters Supply 400-Cycle Power to 
Aircraft and Missiles. Jack G. Smith. Az 
Age, Dec., 1957, pp. 112-118 ff. Discussion of 
phy sical principle s of the inverter, and description 
of a 66-VA unit 

Measured Curves of the Reflection Coefficient 
for Compensated Discontinuities in Coaxial Con- 
ductors and Determination of Optimum Dimen- 
sions. A. Kraus Rohde & Schwartz Mitteil., 
Dec. 8, 1956, pp. 1-12 Gi. Brit., MGS TIL/- 
T4804, Sept., 1957. 21 pp 

A New Wide-Brand Balun. Willmar K. Rob- 
erts. JRE Pro Dec., 1957, pp. 1,628-1,631 
Description of a form of balun which is useful for 
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ACOUSTICS, SOUND, & NOISE 


NEAR FIELD JET NOISE. M.O.W. Wolfe. 
Gt. Brit., RAE TN Struc.228, Sept., 1957. 43 
pp. Measurements of jet noise in relation to its 
effects on aircraft structure for a range of jet 
shear velocities on two representative turbojet 
engines, one of them operating with an afterburner. 
Contours of equal noise pressure in the horizontal 
plane containing the axis of the jet are presented 
for noise pressures in 1/3 octave frequency bands. 
It is shown that for the velocity range of 790 tol, 800 
feet per second, 400 c.p.s. is the dominant fre- 
quency; at most velocities the noise pressures at 
this frequency are about 10 decibels less than the 
corresponding overall noise pressure, and the in- 
crease in noise level due to reheat is not as great 
as has been predicted. 


AERODYNAMICS 


Aerothermodynamics 


ON HEAT TRANSFER IN LAMINAR BOUNDARY- 
LAYER FLOWS OF LIQUIDS HAVING A VERY 
SMALL PRANDTL NUMBER, G. W. Morgan, A. 
C. Pipkin, andW.H. Warner. J. Aero. Sci., Mar., 
1958, pp..173-180. ONR-sponsored analysis based on 
the observation that, for very small Prandtl Number, 
the viscous boundary layer is much narrower than 
the thermal boundary layer, so that the velocity 
distribution is essentially potential over most of 
the thermal layer. A solution is obtained for the 
first two terms of a series representation for the 
temperature, for arbitrary potential flow andwall 
temperature. This general solution is applied to 
the calculation of the wall temperature gradient for 
wedge flows with wall temperature varying as a 
power of the distance from the leading edge, as 
well as of the recovery temperature for the case 
of zero heat transfer. The flat plate with constant 
wall temperature and the insulated flat plate are 
considered as special cases. 


(33) 


CHEMICAL RELAXATION IN AIR, OXYGEN 
AND NITROGEN. M. Camac, J. Camm, S. Feld- 
man, J. Keck, and C. Petty. LAS 26th Annual 
Meeting, New York, Jan. 27-30, 1958, Preprint 
802. 15 pp. Members, $0.50; nonmembers,$0. 85. 
Experimental investigation of air kinetics using 
three methods: the "Ultra-Violet Absorption", _ 
the "Radiative Relaxation", and the ''Mach Wave" - 
methods. Results show that dissociation relaxation 
times observed for air are faster than those for 
O2 and N2; argon is only about one tenth as efficient 
as O2 in producing either vibrational excitation in 
O2 or for the dissociation of O02; "Mach Wave" and 
"Radiative Relaxation" reaction rates are in bad 
agreement. It is suggested that the latter fact is 
due to the use of equilibrium arguments to relate 
the dissociation and recombination rate constants, 
and the importance of making direct measurements 
of both rates to illuminate this point is emphasized. 


THE TEMPERATURE HISTORY IN A THICK 
SKIN SUBJECTED TO LAMINAR HEATING DUR- 
ING ENTRY INTO THE ATMOSPHERE. G. W. 
Sutton. Jet Propulsion, Jan., 1958, pp. 40-45. 
Determination of the temperature distribution in 
closed form by integrating the product of laminar 
aerodynamic heating rate and the appropriate 
Green's function fora finite-thickness wallover the 
generalized trajectory for a vehicle entering the 
earth's atmosphere at high speeds. The maximum 
temperature occuring during the generalized entry 
trajectory for any combination of wall thickness 
and thermal properties is given by a single dimen- 
sionless curve. The performance of any material 
can then be determined, provided the average ther- 
mal properties may be used. As an example, the 
performance of copper, graphite, molybdenum, and 
tungsten are compared. 


ON REDUCING AERODYNAMIC HEAT TRANS- 
FER RATES BY MAGNETOHYDRODYNAMIC 
TECHNIQUES. Appendix A - THE VISCOUS STAG 
NATION POINT BOUNDARY LAYER EQUATIONS. 
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Appendix B - EQUATIONS FOR THE INVISCID 
OUTER FLOW AT A TWO-DIMENSIONAL STAG- 
NATION POINT. R. C. Meyer. LAS 26th Annual 
Meeting, New York, Jan. 27-30, 1958, Preprint 
816. 15 pp. Members, $0.50; nonmembers, $0.85. 
Study on the modification of the flow both within 
and external to the viscous boundary layer. It is 
concluded that the primary mechanism which serves 
to reduce the heat transfer is an alteration of the 
inviscid flow external to the boundary layer. A 
preliminary analysis of the outer flow is presented, 
which provides a conservative estimate of this re- 
duction and shows that at Mach Number 25 and at 
100, 000 feet altitude the heat transfer may be de- 
creased approximately 20% for an applied field 
strength of eight kilogauss. The existence of an 
inviscid magnetic-fluid boundary layer is indi- 
cated for fluids of high electrical conductivity. On 
the basis of a cursory examination it does not seem 
practicable to significantly reduce the aerodynamic 
heating load on flat plates by magnetic techniques 
unless the electrical conductivity of air is artifi- 
cially enhanced. 


THE INFLUENCE OF SURFACE INJECTION 
ON HEAT TRANSFER AND SKIN FRICTION AS- 
SOCIATED WITH THE HIGH-SPEED TURBULENT 


BOUNDARY LAYER. M. W. Rubesin. US, NACA 
RM A55L13, Feb. 20, 1956. 16 pp. Correlation 


of existing analyses on the eficct of distributed 
surface injection to eliminate the effects of Mach 
and Reynolds Numbers. Data for heat transfer 
and skin friction at Mach Numbers of zero, 2.0, 
and 2.7 are compared with the analyses and the 
agreement is rather good. From an example em- 
ploying evaporative cooling with water, it is con- 
cluded that at high Mach Numbers transpiration 
cooling is much more effective than conventional 
convective cooling. 


MASS-TRANSFER COOLING OF A LAMINAR 
BOUNDARY LAYER BY INJECTION OF A LIGHT- 
WEIGHT FOREIGN GAS. E. R. G. Eckert, P. J. 
Schneider, A. A. Hayday, and R. M. Larson. 

Jet Propulsion, Jan., 1958, pp. 34-39. ARDC- 
sponsored presentation of analytical predictions 
for the development of the velocity, temperature, 
and concentration in a laminar air boundary layer 
on a flat plate in high-speed dissipative flow, the 
plate being considered porous and cooled by injec- 
tion of hydrogen from its surface. The admixture 
of hydrogen, having a low density and high thermal 
capacity relative to air, is shown to greatly di- 
minish the skin friction and to markedly relieve 
the adverse thermal effects of intense aerodynam- 
ic heating under conditions of hypersonic flow. 


A SIMPLE DERIVATION OF LIGHTHILL'S 
HEAT TRANSFER FORMULA. H. W. Liepmann. 
J. Fluid Mech., Jan., 1958, pp. 357-360. Anal- 
ysis showing that a simple argument based on the 
use of the energy integral equation of the laminar 
boundary layer permits the derivation of a heat 
transfer formula valid for nonuniform temperature 
distribution and non-zero pressure gradients. The 
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formula is then shown to be identical in structure 
with Lighthill's results. It is also shown that the 
approach can be slightly modified to permit appli- 
cation of the formula to flow near separation. The 
latter result is applied to the Falkner-Skan solu- 
tion for just separating flows and is found to be 
in agreement with the exact solutions. 


Boundary Layer 


AN APPROXIMATE SOLUTION OF LAMINAR 
BOUNDARY LAYER EQUATIONS BY MEANS OF 
POLYNOMIALS. Jan Roéciszewski. Arch. Mech. 
Stosowanej, No. 4, 1957, pp. 381-393. Investiga- 
tion of a steady plane laminar incompressible flow 
in a boundary layer for a body with small curva- 
ture, governed by Prandtl equations. The separa- 
tion point is calculated and results are compared 
with experimental data. The method usedcan be gen- 
eralized, assuming polynomials of higher degrees 
and taking additional boundary conditions from 
Prandtl's equations or experiments. It canalso be 
extended to include the boundary layer in an axial- 
ly symmetric flow if the Karman momentum inte- 
gral is replaced by an integral condition for the 
boundary layer of a body of revolution. 


SOME PROPERTIES OF BOUNDARY LAYER 
FLOW DURING THE TRANSITION FROM LAMI- 
NAR TO TURBULENT MOTION. S. Dhawan and 
R. Narasimha. J. Fluid Mech., Jan., 1958, pp. 
418-436. 29 refs. Study of transition in the bound- 
ary layer on a flat plate from the point of view of 
intermittent production of turbulent spots. On the 
hypothesis of localized laminar breakdown, for 
which there is some experimental evidence, 
Emmons probability calculations can be extended 
to explain the observed statistical similarity of 
transition regions. Application of these ideas al- 
lows detailed calculations of the boundary layer 
parameters including mean velocity profiles and 
skin friction during transition. The mean velocity 
profiles belong to a universal one-parameter fami- 
ly with the intermittency factor as the parameter. 
From an examination of experimental data the prob 
able existence of a relation between the transition 
Reynolds Number and the rate of production of the 
turbulent spots is deduced. 


URAVNENIE POGRANICHNOGO SLOIA I GRA- 
NICHNYE USLOVIIA K NIM V SLUCHAE DVIZHE- 
NILA V SLABO RAZREZHENNOM GAZE SO 
SVERKHZVUKOVYMI SKOROSTIAMI. Iu. P. 
Lun'kin. Prikl. Mat. i Mekh., Sept.-Oct., 1957, 
pp. 597-605. ll refs. In Russian. Derivation of 
boundary-layer equations and of boundary condi- 
tions for the case of motion in a lightly rarefied 
gas at supersonic velocities. The derived equations 
are based on Prandtl's theory and differ slightly 
from the ordinary Prandtl equations by the presence 
of complementary terms having higher velocity and 
temperature derivatives. The normal pressure 
gradient is not equal to zero and is expressed 
through the complementary terms. The kinetic 
theory is used to determine the boundary conditions, 
which represent a generalization of the Maxwell 
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and Smokhulovsky conditions for the case of motion 
at supersonic velocities. Limitations of the appli- 
cation of these equations are outlined. 


PRIMENENIE METODA MALYKH VOZMU- 
SHCHENII K ZADACHAM LAMINARNOGO POGRA- 
NICHNOGO SLOIA. V. V. Lunev. Prikl. Mat. i 
Mekh., Sept.-Oct., 1957, pp. 606-614. In Russian. 
Application of the method of small perturbations to 
problems of laminar boundary layers. Derivation 
of a solution for the boundary-layer equations of a 
compressible gas with small pressure gradients, and 
avariable Prandtl Number,and whose viscosity de- 
pends arbitrarily on temperature. The dissociation 
of air does not introduce any variations into the 
method of solution. The results are applied to the 
supersonic boundary layer on thin bodies or bodies 
differing little from a wedge or a cone. 


A METHOD FOR COMPUTING THE TURBU- 
LENT BOUNDARY LAYER WHEN A LONGITUDI- 
NAL PRESSURE GRADIENT IS PRESENT. K. K. 
Fediaevskii and A. S. Ginevskii. Sov. Phys. - 
Tech. Phys., Feb., 1957, pp. 275-291. 13 refs. 
Translation. Development of the method which 
can also be used for determining the value of the 
local friction coefficient and the breakaway point 
as a result of a first approximation. Graphical 
representations of the resistance law indicate that 
special regimes, accompanied by an extremely 
sharp decrease in the local friction coefficient for 
an insignificant increase in the Reynolds Number, 
can possibly occur. It is shown that theory and 
experiment are in a satisfactory agreement. 


TURBULENT BOUNDARY LAYER ON A 
YAWED CONE IN A SUPERSONIC STREAM. Ap- 
pendix - SELECTION OF DOMINANT STRESS 
TERMS. W.H. Braun. US., NACA TN 4208, 
Jan., 1958. 39 pp. 22 refs. Derivation of the mo- 
mentum integral equations for the boundary layer 
on an arbitrary curved surface, using a streamline 
coordinate system. Computations of the turbulent 
boundary layer on a slightly yawed cone are made 
for a Prandtl Number 0.70, wall to free-stream 
temperature ratios of 1/2, 1, and 2,and Mach Num- 
bers from 1 to 4. Deflection of the fluid in the 
boundary layer from outer stream direction, local 
friction coefficient, displacement surface, lift co- 
efficient, and pitching-moment coefficient are pre- 
sented, 


FURTHER SPACE-TIME CORRELATIONS OF 
VELOCITY IN A TURBULENT BOUNDARY LAYER. 
A. J. Favre, J., J. Gaviglio, and R. J. Dumas. 

J. Fluid Mech., Jan., 1958, pp. 344-356. 1l refs. 
Experimental investigation of the turbulent boundary 
layer having a zero pressure gradient. Measure- 
ments of autocorrelation and of space-time double 
correlation have been made respectively with single 
hot-wires and with two hot-wires having the sepa- 
ration vector in any direction. Space time corre- 
lations reach a maximum for some optimum delay. 
In the case of two points set on a line orthogonal 

to the plate, the optimum delay Tj is not zero. In 
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the general case it is equal to the corresponding 
delay Tj, increased by compensating delay for 
translation with the mean flow. Space time isocor 
relation surfaces obtained with optimum delay have 
a large aspect ratio in the mean flow direction, 
even if they are relative to a point close to a wall; 
the correlations along the mean flow then retain 
high values because of the large scale of the turbu- 
lence. 


THE MINIMUM REYNOLDS NUMBER FOR A 
TURBULENT BOUNDARY LAYER AND THE SE- 
LECTION OF A TRANSITION DEVICE. J. H. 
Preston. J. Fluid Mech., Jan., 1958, pp. 373- 
384. Investigation based on the case of flow ina 
pipe, for which there is a lower experimental 
number to the Reynolds limit in which fully devel- 
oped turbulent flow occurs. From the similarity 
and close agreement of the curves showing the co- 
efficient of skin friction Cf as a function of the Rey- 
nolds number 4, (based on the momentum thickness 

@) for the circular pipe, it is suggested that there 
should be a lower limit to Ag for fully developed 
turbulent flow on a flate plate. Limited experimen 
tal data confirm this and place the lower limit at 
Rg =320. 


PRIBLIZHENNYI METOD INTEGRIROVANIIA 
URAVNENII NESTATSIONARNOGO LAMINARNO- 
GO POGRANICHNOGO SLOIA V NESZHIMAEMOI 
ZHIDKOSTI. L. A. Rozin. Prikl. Mat. i Mekh., 
Sept. -Oct., 1957, pp. 615-623. In Russian. De- 
velopment of an approximate method of integration 
for the equations of a nonstationary laminar bound- 
ary layer in an incompressible fluid. The solution 
is based on the equations of momentum and a cer- 
tain one-parametric family of velocity profiles. 
The applications of this method of solution to sta- 
tionary problems are outlined. 


LOW-SPEED BOUNDARY -LAYER-CONTROL 
INVESTIGATION ON A THIN RECTANGULAR 
SEMISPAN WING WITH LEADING-EDGE AND 
TRAILING-EDGE FLAPS. D. R. Croom and T.R, 
Turner. US, NACA RM L57J15, Jan. 20, 1958. 
213 pp. Presentation of results of a wind-tunnel 
investigation to determine the longitudinal aerody- 
namic characteristics and the chordwise load dis- 
tribution on a thin, untapered, unswept semispan 
wing having an aspect ratio of 3.33 and NACA 
65A004 airfoil sections. Boundary-layer control 
is obtained by blowing air over the trailing-edge 
flaps. 


Control Surfaces 


THE JET-FLAPPED WING IN TWO- AND 
THREE-DIMENSIONAL FLOW. W. F. Jacobs 
and J. H. Paterson. IAS 26th Annual Meeting, 
New York, Jan. 27-30, 1958, Preprint 791. 27 pp. 
35 refs. Members, $0.65; nonmembers, $1.00. 
Calculation of the lift, moment, center of lift, and 
aerodynamic center over a large range of jet coef- 
ficients (0 to 5) and flap angles (0 to 90°). A com- 
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parison of measurements with the theory shows 
good agreement not only in the lift but also in the 
pitching moment. Investigations of the influence 
of nose modifications such as droop nose, leading 
edge flaps, and slats on the moment indicate that 
the high nose-down pitching moment at high jet co- 
efficients can be partly compensated. A method 
for calculating three-dimensional effects is devel- 
oped; and the results of calculations for lift, lift 
distributions, and induced drag are given for se- 
lected values of aspect ratio and taper ratio, as 
well as for selected spanwise variations of jet mo- 
mentum. 


Fluid Mechanics & Aerodynamic Theory 


DYNAMICS OF A DISSOCIATING GAS. II - 
NON-EQUILIBRIUM THEORY. N. C. Freeman. 
(NATO AGARD lith Wind Tunnel & Model Testing 
Panel, Scheveningen, July 8-12, 1957.) NATO 
AGARD Rep. 133, July, 1957. 2l pp. Extensionof 
Lighthill's equilibrium theory to non-equilibrium 
thermodynamic conditions, and study of the behav- 
ior of gas flow through strong normal shock waves 
and past blunt bodies under such conditions. 


CRITICAL STUDY OF THE ADEQUACY OF 
INTEGRAL METHODS IN PLANE MIXING PROB- 
LEMS. L. G. Napolitano. Polytech. Inst. Bklyn., 
Dept. Aero. Eng. & Appl. Mech., PIBAL Rep.425 
(AFOSR TN 57-757) [AD 136746], Dec., 1957. 66 
pp. 15 refs. Presentation of solutions of plane 
isobaric homogeneous mixing by integral methods, 
depending primarily on the solution of a second-or- 
der algebraic equation. Incompressible and com- 
pressible, laminar and turbulent cases are shown 
to be reducible to the solution of a unique laminar- 
incompressible-type system of equations. It is 
shown that the third boundary condition, to be im- 
posed on the y-component of the velocity, is ines- 
sential. Sixth degree polynomials satisfying second 
order continuity throughout the flow field and fourth 
order continuity at the outer edges of the dissipa- 
tive region are used. Quantities of the flow field 
are expressed in terms of a single parameter 
which, in turn,depends upon the solution of a single 
quadratic algebraic equation. Results are com- 
pared with those obtained by other methods. The 
comparison shows that the present method yields 
the best overall accuracy. 


ON THE HYDRODYNAMIC STABILITY OF CUR- 
VED LAMINAR COMPRESSIBLE FLOWS. M.Les- 
sen. IAS 26th Annual Meeting, New York, Jan. 
27-30, 1958, Preprint 812. ll pp. Members,$0.5G6 
nonmembers, $0.85. Examination of the stability 
with respect to inviscid Taylor-Gértler type dis- 
turbances. It is found that flow field as well as 
boundary layer instabilities may exist. Contrary 
to the Gértler results it is shown that for the com- 
‘pressible case the boundary layer along a convex 
wall may become unstable with sufficient cooling 
at the wall. For the case of a curved flow field 
behind a curved front with uniform flow before the 
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shock, flow field instabilities of the Taylor-Gértler 
type may exist. It is further shown that,with re- 
gard to boundary layer flows on flat plates, insta- 
bilities of the Taylor-Gértler type may manifest 
themselves before the Tollmien-Schlichting insta- 
bilities, if sufficient cooling at the boundary is 
present. 


THE SUPERSONIC BLUNT-BODY PROBLEM — 
REVIEW AND EXTENSION. M. D. Van Dyke. 
IAS 26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 801. 15 pp. 47 refs. Members, 
‘$0.50; nonmembers, $0.85. Survey of existing an- 
alytical treatments which indicates that none is ad 
equate for predicting the details for the flow field. 
Reasons are given for the failure of various plau- 
sible approximations. A numerical method is de- 
veloped for solving the full inviscid equations using 
a medium-sized electronic computer. Results are 
shown for a number of solutions of bodies support- 
ing detached shock waves described by conic sec- 
tions. 


THE CALCULATION OF THE PATHS OF VOR- 
TICES FROM A SYSTEM OF VORTEX GENERA- 
TORS, AND A COMPARISON WITH EXPERIMENT, 
J. P. Jones. Gt. Brit., ARC CP 361, 1957. 

16 pp. BIS, New York, $0.54. Description of 


the method which can be applied to other config- | 


urations of generators arranged to produce rows 
of vortices close to a plane surface. The theory 
is in fairly good agreement with experiment, except 
for the minimum height of the vortices. 


FLOW PAST A FLAT PLATE AT LOW REY- 
NOLDS NUMBERS. E. Janssen. J. Fluid Mech., 
Jan., 1958, pp. 329-343. 13 refs. Investigation 
by an analogue method of flow past a flat plate at 
Reynolds Numbers inthe range of 0.1tol0.0. The 
solution gives the stream function and the vorticity 
in the flow field surrounding the plate. From these 
are obtained the local coefficient of friction, the 
pressure distribution along the plate, and the total 
drag coefficient. The drag coefficient approaches 
the analytical values of Haaser and of Tomotika 
and Aoi as the Reynolds Number decreases toward 
0.1; it approaches the Blasius solution as the Rey- 
nolds Number increases. At Reynolds Number 
10.0 the drag coefficient is still above the Blasius 
value, but below the value obtained experimentally 
by Janour. 


AN APPROXIMATE METHOD OF DETERMIN- 
ING AXISYMMETRIC INVISCID SUPERSONIC 
FLOW OVER A SOLID BODY AND ITS WAKE. 
Sin-I Cheng. J. Aero. Sci., Mar., 1958, pp. 185- 
193. Development of an approximate method which 
is shown to be very satisfactory for pointed ogive 
bodies, and which may be applied with reasonable 

- assurance to other curved, pointed-nose convex 
bodies with axisymmetric inviscid flow fields in 
flow regions with streamlines either diverging 
from or converging toward the axis of symmetry. 
The result of the approximate method is insensitive 
to the arbitrary factors implicit in the method. 
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COLLECTION OF ZERO-LIFT DRAG DATA 
ON BODIES OF REVOLUTION FROM FREE- 
FLIGHT INVESTIGATIONS. W. E. Stoney, Jr. 
US, NACA TN 4201, Jan., 1958. 373 pp. 32 refs. 
Summary of flight-test results for fin-stabilized 
bodies of revolution. Supplementary data are pro- 
vided to facilitate the determination of the body 
pressure drags from the measured total drags. 
The Mach Number ranges extend from 0.6 to ap- 
proximately 2.0, and the Reynolds Numbers based 
on body length are from 2 x 106 to 100 x 10°. 


CALCULATIONS BY THE METHOD OF CHAR- 
ACTERISTICS. R. D. Linnell. Aero. Eng. Rev., 
Mar., 1958, pp. 39-44. Presentation of a high- 
speed electronic computer program for the calcu- 
lation of axially symmetric flow around bodies of 
revolution by the method of characteristics. The 
capabilities of electronic computers are consid- 
ered in the reduction of differential equations of 
the method to difference equations. Special atten- 
tion is given to the extensive logic required, and 
it is shown that the important logic portion of the 
program is based upon the capabilities of electron- 
ic computers as well as upon a knowledge of aero- 
dynamic phenomena. 


ISSLEDOVANIE SVERKHZVUKOVYKH TECHE- 
NII S POMOSHCH'IU INTEGRALA VOL'TERRA. 
A. I. Utkin. AN SSSR Dokl., Sept. 21, 1957, pp. 
369-372. In Russian. Application of the Volterra 
integral to investigate the linear problem of super- 
sonic flow around axisymmetric profiles. The in- 
tegral is reduced to a second-order linear integral 
equation which can be solved by means of opera- 
tional calculus. The problem of an annular-wing 
profile with minimum wave drag is used to illus- 
trate a case of practical application,and the shape 
of the source-sink area is determined in the case 
of given pressure. 


SLOW MOTION OF A PARABOLOID OF REVO- 
LUTION IN A ROTATING FLUID. L. V. K. 
Viswanadha Sarma. J. Fluid Mech., Jan., 1958, 
pp. 404-410. Investigation using a perturbation 
method for uniform motion, after an impulsive start 
from relative rest, ofa paraboloid of revolution a- 
long the axis of a rotatingfluid. It appears that 
the flow is an oscillatory one in which the distance 
between any fluid particle and the axis of rotation 
oscillates sinusoidally in time with small amplitu- 
de. As time progresses, the amplitude of the os- 
cillation decays to zero everywhere except on the 
paraboloid. The ultimate motion is then a rigid 
body rotation everywhere except on the paraboloid 
and the axis of rotation, where the perturbation 
velocities continue to oscillate indefinitely with 
small amplitude. 


EXAMPLES OF DETACHED BOW SHOCK 
WAVES IN HYPERSONIC FLOW. P. R. Garabe- 
dian and H. M. Lieberstein. IAS 26th Annual 
Meeting, New York, Jan. 27-30, 1958, Preprint 
817. 21 pp. 14 refs. Members, $0.65; nonmem- 
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bers, $1.00. ONR-sponsored description of a 
method for calculating the flow past a bluff axially 
symmetric body, assuming the shock wave form. 
The analysis is based on a Cauchy problem for the 
stream function inthe subsonic region, where the mo 
tion is governed bya partial differential equation of 
the elliptic type. Through analytic continuation 
into the complex domain, the Cauchy problem is 
reformulated in such a manner that it becomes 
properly set in the subsonic region, leading to a 
stable scheme for computation of the flow by‘finite 
differences. Numerical examples at free-stream 
Mach Number 5.8 are presented in which the flow 
is determined throughout the subsonic region, and, 
in particular, the detachment distance, the location 
of the sonic line, and the pressure distribution a- 
long the body are calculated. These results arein 
excellent agreement with experimental data. 


UDARNYE VOLNY BOL'SHOI AMPLITUDY V 
GAZAKH. Ia. B. Zel'dovich and Iu. -P. Raizer. 
Uspekhi Fiz. Nauk, Nov., 1957, pp. 613-641. 74 
refs. In Russian. Survey of various physical proc- 
esses in the shock-wave front and evaluation of 
their influence on the inner structure of the front. 
Particular emphasis is placed on the radiation and 
absorption of light and the radiative heat tranfer 
over the front, which mainly determine the front - 
pattern and thickness in the case of a large-ampli- 
tude shock wave, as well as its intensity. 


STUDIES ON THE LOW SUPERSONIC FLOW 
WITH A DETACHED SHOCK (AN ANALYTIC 
DETERMINATION OF THE FLOW AROUND A 
SPHERE WITH A DETACHED CURVED SHOCK). 
Jiro Kondo. Japan Soc. Aero. Eng. J., Dec., 
1957, pp. 1-4. In Japanese. Extension of a theo- 
retical and experimental analysis of two-dimen- 
sional flow around a body with a detached shock to 
the case of three-dimensional axially symmetric 
flow. The stream function of the flow pattern be- 
hind the detached shock is expressed with several 
parameters, the simultaneous linear equations of 
which are introduced by the shock conditions on 
some points on the shock, determined by schlie- 
ren or shadow photographs of the high speed flow. 
A particular example of free-stream Mach Number 
1,49 around a sphere is presented (four-parameter 
approximation), and the density and pressure vari- 
ations along the axis and on the. surface near the 
forward stagnation point are. obtained. 


ON THE STATISTICAL THEORY OF TURBU- 
LENCE. W. Heisenberg. (Zeitschrift fir Phy- 
sik, vol. 124, 1948, pp. 628-657.) US, NACA TM 
1431, Jan., 1958. 36 pp. 14 refs. Translation. 
Study of the spectrum of isotropic turbulence using 
a Fourier analysis. The spectrum of the turbulent 
motion is derived to the smallest wavelengths in 
the laminar region, and correlation functions and 
pressure fluctuations are calculated. Comparison 
is made with experimental results. An attempt 


is also made to derive the numerical value of a 
constant characteristic of the energy dissipation 
in isotropic turbulence. 
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Internal Flow 


PERFORMANCE OF A SUPERSONIC COM- 
PRESSOR WITH SWEPT AND TILTED DIFFUSER 
BLADES. A. W. Goldstein and R. L. Schacht. 

US, NACA RM E54L29, Mar. 28, 1955. 32 pp. 
Investigation of a 14-inch supersonic mixed -flow 
compressor of large weight-flow capacity over a 
range of equivalent air tip speeds varying from 

740 to 1,700 feet per second. As rotor speed is 
increased over the entire range, stage efficiency 
decreases continuously from 73% to 47 % and pres- 
sure ratio reaches a value of 5.02. Measurements 
are made of static-pressure distributions, overall 
performance, and of the magnitude, frequency, and 
rotative speed of pressure fluctuations, which are 
found to be very large and believed to prevent the 
stator from attaining the flow configuration for 
which it is designed. 


LOW-SPEED CASCADE INVESTIGATION OF 
COMPRESSOR BLADES HAVING LOADED LEAD- 
ING EDGES. J. C. Emery. US, NACA TN 4178, 
Jan., 1958. 76 pp. Investigation of blade cambers 
having isolated-airfoil lift coefficients of 0.6, 1.2, 
1.8, and 2.4 over the usable angle-of-attack range 
for inlet-air angles of 30°, 45°, and 60° at solidi- 
ties of 1.0 and1.5. A comparative evaluation is 
presented of the results of this and previous cas- 
cade investigations of compressor blades having 
uniform chordwise loading as isolated airfoils and 
those having more loading at the trailing edge. 


UBER DIE INSTATIONARE UBERSCHALL- 
STROMUNG DURCH SCHAUFELGITTER MIT 
RUCKWIRKUNG. I. Ryhming. ZAMM, Nov. -Dec., 
1957, pp. 416-431. In German. Investigation of 
the nonstationary phenomena in supersonic cas- 
cades. The problem is simplified by considering 
the admission stream entering a vane at large r. 
p.-m., assuming the vanes to be straight lines and 
the flow to be nonviscous and nonturbulent. Bound- 
ary effects are neglected, and, as a result, the 
physical properties of the non-stationary flow are 
obtained. 


THE TRANSONIC FLOW FIELD OF AN AXIAL 
COMPRESSOR BLADE ROW. J. E. McCune. 
LAS 26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 792. 15 pp. Members, $0.50; non- 
members, $0.85. OSR-supported method for 
studying the three-dimensional field of blade rows 
within the linearized (acoustic) approximation. The 
resulting theory demonstrates a smooth transition 
from the subsonic to the transonic or mixed-flow 
regimes. It predicts the occurrence of acoustic 
resonance in the mixed-flow regime. Viscous 
damping is introduced as a method for treating cas- 
es where this phenomenon occurs. 
amples of the behavior of a transonic blade row 
are presented, and the general theory brings to 
light the existence ofa similarity parameter which 
correlates certain aspects of the three-dimension- 
al flow field. . 
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TWO-DIMENSIONAL FLOW AT HIGH SUBSON- 
IC SPEEDS PAST WEDGES IN CHANNELS WITH 
PARALLEL WALLS. J. B. Helliwell. J. Fluid 
Mech., Jan., 1958, pp. 385-403. Investigation of 
plane flow for an inviscid isentropic gas at high 
subsonic and low sonic speeds past a finite wedge 
set at zero incidence. Hodograph methods are ap- 
plied to the determination of the stream function, 
which, under the usual transonic approximation, is 
a solution of Tricomi's equation. A brief summa- 
ry is given on the derivation of the fundamental 
solution of this equation in terms of Bessel func- 
tions. Two flow pattern models are examined. 
Cole's model with the sonic line from the shoulder 
extending completely across the channel at right 
angles to the wall is analyzed. Also examined is 
the Helliwell-Mackie model in which there is a 
free stream breakaway at sonic velocity from the 
shoulder of the wedge and the velocity far down- 
stream may be either uniformly subsonic or sonic, 


CRITERIA FOR INITIAL FLOW REVERSAL IN 
SYMMETRICAL TWIN-INTAKE AIR-INDUCTION 
SYSTEMS OPERATING AT SUPERSONIC SPEEDS, 
Appendix - APPLICATION OF ONE-DIMENSIONAL 
SUBSONIC PARALLEL-JET MIXING EQUATIONS 
TO TWIN DUCTS. Andrew Beke. US, NACA RM 
E55L02a, Feb. 20, 1956. 17 pp. Study of asym- 
metric air-flow characteristics of air-induction 
systems with inlets having peak static-pressure 
recovery at greater than 50% mass flow and criti- 
cal static-pressure recovery equal to or greater 
than the value at zero mass flow. Analytical pre- 
dictions of asymmetric flow and initial flow rever- 
sal agree with the experimentally observed trends, 
Results show that initial flow reversal occurs si- 
multaneously with critical inlet flow in the other 
duct. Thus, in terms of engine throttling, engine 
air flow cannot be reduced to less that half the total 
inlet critical air flow before initial flow reversal 
occurs. 


Stability & Control 


EFFECT OF FLOW INCIDENCE AND REY- 
NOLDS NUMBER ON LOW-SPEED AERODYNAM- 
IC CHARACTERISTICS OF SEVERAL NONCIRCU- 
LAR CYLINDERS WITH APPLICATIONS TO DI- 
RECTIONAL STABILITY AND SPINNING. E. C. 
Polhamus. US, NACA TN 4176, Jan., 1958. 54 pp. 
15 refs. Determination of the aerodynamic char- 
acteristics of several noncircular two-dimensional 
cylinders with axes normal to the stream at vari- 
ous flow incidences for a range of Reynolds Num- 
bers from low-speed wind-tunnel tests. Results 
indicate that these parameters have rather large 
effects on drag and side force developed on these 
cylinders, the side force being especially critical 
and very often undergoing a change in sign witha 
change in Reynolds Number. The implications of 
the two-dimensional results with regard to direc- 
tional stahility of fuselages at high angles of attack 
are briefly discussed. 


EFFECT OF ANGLE OF ATTACK AND THICK- 
NESS ON AERODYNAMIC COEFFICIENTS OF A 
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RIGID WING OSCILLATING AT VERY LOW FRE- 
QUENCIES IN TWO-DIMENSIONAL SUPERSONIC 
FLOW. F. S. Malvestuto, Jr., and J. M. Good- 
win. US, NACA TN 4069, Jan., 1958. 65 pp. 
Presentation of analytical expressions for the ef- 
fect of angle of attack and thickness on the lift and 
pitching moment derivatives of a wing performing 
a plunging motion and rotary oscillations at very 
low frequencies in two-dimensional flow. Design 
charts are presented which permit rapid calcula- 
tion of these coefficients. The results presented 
are for a range of Mach Number, angle of attack, 
and thickness for which the flow behind the shock 
attached to the leading edge is everywhere super- 
sonic, although the effect of viscous separation at 
finite angles of attack restricts the validity of the 
results to a much smaller range of these parame- 
ters. 


WIND-TUNNEL INVESTIGATION OF THE 
STATIC LONGITUDINAL STABILITY AND TRIM 
CHARACTERISTICS OF A SWEPTBACK-WING 
JET-TRANSPORT MODEL EQUIPPED WITH AN 
EXTERNAL-FLOW JET-AUGMENTED FLAP. 
Appendix - DERIVATION OF EXPRESSIONS FOR 
CALCULATING LONGITUDINAL-TRIM REQUIRE- 
MENTS OF SEVERAL AIRPLANE CONFIGURA- 
TIONS EQUIPPED WITH JET-AUGMENTED FLAPS 
J. L. Johnson, Jr. US, NACA TN 4177, Jan., 
1958. 89 pp. Wind tunnel tests to determine the 
effects of wing position, vertical position of the 
horizontal tail for a range of momentum coeffi- 
cients up to about 4. The model has a 30° swept- 
back wing with an aspect ratio of 6.60. Results 
show that it is necessary to locate the horizontal 
tail well above the chord plane of the wing and to 
incorporate both variable incidence and anelevator. 
Larger tail areas are required for the low tail po- 
sition. Calculations for trim devices show the su- 
periority at a given lift coefficient of the fixed ca- 
nard surface utilizing jet augmentation for providing 
longitudinal trim and stability. 


Wings & Airfoils 


THEORETICAL PRESSURE DISTRIBUTIONS 
FOR SEVERAL RELATED NONLIFTING AIRFOILS 
AT HIGH SUBSONIC SPEEDS. J. R. Spreiter, A. 
Y. Alksne, and B. J. Hyett. US, NACA TN 4148, 
Jan., 1958. 52 pp. 27 refs. Theoretical investi- 
gation of five related airfoils, including thin sym- 
metrical circular-arc airfoils, in two-dimensional 
flows with high subsonic free-stream velocity. The 
airfoils have various locations for the point of max- 
imum thickness ranging from 30% to 70% chord 
and are of arbitrary, although small, thickness 
ratio, The results are obtained by approximate 
solution, through an iteration process, of a non- 
linear integral equation derived from the equations 
of transonic flow theory. It is shown that the pres- 
sure distributions display most of the principal 
phenomena observed in experimental studies, and 
are in good correspondence with those calculated 
by other methods for subcritical Mach Numbers 
and for Mach Numbers near 1. 
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CURVES OF MINIMUM WAVE PLUS VORTEX 
DRAG COEFFICIENT FOR SEVERAL WING PLAN- 
FORMS. B. J. Beane. Douglas Rep. SM-22989, 
Nov., 1957. 7 pp. ll refs. Presentation of curves 
valid for Mach Numbers of 2, 3, and 4, including 
values representing the wave plus vortex drag, as 
computed by linearized theory, for wings that are 
twisted and cambered such that the surface loading 
is optimum. Skin friction and thickness drags are 
not included. 


DRAG REDUCTION OF THIN WINGS AT SU- 
PERSONIC SPEEDS, BY THE USE OF CAMBER 
AND TWIST. G. M. Roper. Gt. Brit., RAE 
Rep. Aero.2585, July, 1957. 105 pp. 43 refs. 
Consideration of two cases: (a) ignored leading- 
edge suction forces, and (b) included leading-edge 
suction forces. It is found that twist, especially 
towards the wing tips, is more effective in reduc- 
ing drag, for given lift, for the larger values of 
tany/tanp», where y is the semi-apex-angle and 
/ is the Mach angle, and that camber is more ef- 
fective for the smaller values. In case (a) the 
maximum percentage drag reduction varies from 
about 10% to 50%, and in case (b) from zero to 
about 10%. A sweptback trailing edge increases, 
in general, the maximum percentage drag reduc- 
tion for given lift if suction forces are ignored, 
but decreases the maximum reduction for smaller 
values of tany/tan Zz, and increases the maximum 
reduction for values of tan 7 /tang near to one, if 
suction forces are applied. 


THE COMPRESSIBILITY RULE FOR DRAG OF 
AIRFOIL NOSES. R. T. Jones and M. D. Van 
Dyke. J. Aero. Sci., Mar., 1958, pp. 171, 172, 
180. Investigation showing that the drag of any 
semiinfinite airfoil section in purely subsonic 
inviscid flow follows precisely the Prandtl-Glauert 
compressibility rule. The result obtained for the 
parabola is applicable to leading-edge corrections 
in thin airfoil theory. 


SUPERSONIC FLOW PAST NARROW WINGS 
WITH "SIMILAR" CROSS-SECTIONS AT ZERO- 
LIFT. W.T. Lord and G.G. Brebner. Gt. Brit., 
RAE TN Aero. 2509, Aug., 1957. 55 pp. 15 refs. 
Description and illustration of a method for design 
ing thickness distributions for narrow wings with 
straight unswept trailing edges and "similar" 
chordwise cross-sections. The methods hold for 
arbitrary planform and cross-section and can be 
applied to more complicated configurations than 
simple isolated wings. Two forms of the method 
are presented: the first specifying the area dis- 
tribution, the second specifying for each planform 
a geometrically simple root profile. Only the sec- 
ond method may be extended to wings with swept 
forward trailing edges. Formulas are given for 
the overall pressure distributions, and in particu- 
lar the root pressure distributions and wave drag 
of such wings. 


AERODYNAMICS OF BODIES, WINGS, AND 
WING-BODY COMBINATIONS AT HIGH ANGLES 
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OF ATTACK AND SUPERSONIC SPEEDS. J. N. 


Nielsen, J. R. Spahr, and Frank Centolanzi. US, 
NACA RM A55LI13c, Feb. 13, 1956. 12 pp. 16 refs. 


Presentation of maximum lift coefficients for tri- 
angular and rectangular wings, together with some 
downwash measurements behind a rectangular wing 
at high angles of attack. A method is given to show 
how the body vortex strengths and positions pre- 
sented by Jorgensen and Perkins can be used to 
predict the nonlinear panel normal forces, hinge 
moments, and rolling moments for cruciform-wing 
and body combinations at high angles of attack. 


AEROELASTICITY 


THEORETICAL CONSIDERATIONS OF FLUT- 
TER AT HIGH MACH NUMBERS. H. G. Morgan, 
H. L. Runyan, and Vera Huckel. LIAS 26th Annual 
Meeting, New York, Jan. 27-30, 1958, Preprint 
776. 19 pp. 16 refs. Members, $0.50; nonmem- 
bers, $0.85. Discussion of some of the theories 
for two-dimensional oscillatory air forces appli- 
cable to flutter calculations. These include linear 
theory, Van Dyke's second-order theory, piston 
theory, Landahl's method, tangent wedge and tan- 
gent cone approximations, Newtonian theory, and 
a new nonlinear pressure method. A comparison 
of the theories is made by showing the results of 
flutter calculations for Mach Numbers up to 10, 
and the possibility of flutter at these higher Mach 
Numbers is pointed out. Results of flutter calcu- 
lations are shown to illustrate the various effects 
arising from a nonlinear thickness theory, and 
flutter speed trends with center-of-gravity and e- 
lastic-axis locations are presented; includes also 
a discussion of some possible refinements of piston 
theory. 


FLUTTER OF THIN PANELS AT SUBSONIC 
AND SUPERSONIC SPEEDS (U). J. E. Greenspon 
and R. L. Goldman. Addendum - SOME EXPERI- 
MENTS ON PANEL FLUTTER. P. F. Jordan and 
Edward Widmayer. Martin Rep. ER 9934 (AFOSR 
TR 57-65) [AD 136560], Nov. , 1957. 75 pp. 23 refs. 
Exploratory investigation into the actual physical 
mechanism of skin flutter, along with a review of 
available theories prompted together with certain 
extensions. The study reveals that subsonic skin 
flutter is possible; this being contrary to some pre- 
vious theoretical results. The subsonic and, to 
some extent, the supersonic flutter of finite skin 
panels is a periodical interchange between quasi- 
static shapes of the skin and is thus more complex 
than is assumed in any previous theory. A simple 
phenomenological analysis is developed, based on 
possible shapes (for the membrane case), giving 
qualitative agreement with experimental results 
for the subsonic case, Flutter is self-limited in 
amplitude and is not necessarily destructive, Pan- 
el response due to external noise may, however, 
be destructive. 


ON TORSIONAL VIBRATIONS OF A BEAM 
WITE A SMALL AMOUNT OF PRETWIST. Eric 
Reissner and Kyuichiro Washizu. Japan Soc. 
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Aero. Eng. J., Dec., 1957, pp. 4-9. ONR- 
supported investigation using a system of ap- 
proximate differential equations obtained by vari- 
ational methods from the theory of shallow thin 
shells. Application of these equations to the prob- 
lem of torsional vibrations shows that a relative- 
ly small amount of pretwist may have a consider- 
able influence on the torsional frequencies of the 
beam. 


NORMAL MODE ANALYSIS OF BEAMS OF 
NON-UNIFORM CROSS-SECTION WITH TABU- 
LATED RESULTS FOR SOME LINEARLY TAPER- 
ED CLAMPED-PINNED BEAMS. Appendix A - A 
NUMERICAL EXAMPLE OF THE DETERMINATION 
OF THE EIGENVECTORS AND EIGENVALUES OF 
A3x3 MATRIX. R. S. Julius and S. Ranta. 
Canada, NAE LR 210, Sept., 1957. 33 pp. Pres- 
entation of a theory for the free lateral vibrations 
of long beams in which the space-dependent part, a 
homogeneous boundary value problem, is written 
as an integral equation by means of Green's func- 
tion, approximated by a set of nm equations in 
matrix form. Their eigenvectors approximate the 
first » eigenfunctions of the integral equation. The 
Duncan and Collar matrix iteration process in mod 
ified form for obtaining the eigenvalues and eigen- 
vectors is described and applied to two families of 
linearly tapered, clamped-pinned beams. 


UBER DEN ZUSAMMENHANG VERSCHIEDE- 
NER NAHERUNGSVERFAHREN ZUR BERECH- 
NUNG NICHTLINEARER SCHWINGUNGEN. 

K. Magnus. ZAMM, Nov.-Dec., 1957, pp. 471- 
485. ll refs. In German. Analysis showing that 
some approximation methods frequently used in 
nonlinear mechanics are special cases of the gen- 
eral variational method due to Ritz and Galerkin. 
A generalized method is derived allowing the lin- 
earization by means of nonharmonic functions. 
Applications are made tothe cases of natural vibra- 
tions of a self-excited pendulum with one-degree- 
of-freedom and to forced vibrations of a nonperi- 
odical system. 


SOME STRUCTURAL RESPONSE CHARACTER- 
ISTICS OF A LARGE FLEXIBLE SWEPT-WING 
AIRPLANE IN ROUGH AIR. T. L. Coleman, H. 
N. Murrow, and H. Press. IAS 26th Annual Meet- 
ing, New York, Jan. 27-30, 1958, Preprint 785. 
15 pp. Members, $0.50; nonmembers, $0.85. 
Analysis of test measurements of aircraft motion 
and strain responses. Power spectral methods are 
employed in order to provide an indication of the 
frequency composition of the various responses 
and, in this way, to determine the contribution of 
the various aircraft rigid-body and elastic-body 
modes to the strain responses. The aircraft rigid- 
body motions and elastic-body motions are exam- 
ined in detail in order to assess the magnitude of 
the aerodynamic forces arising from these motions. 


EFFECTS OF A TIME-VARYING TEST ENVI- 
RONMENT ON THE EVALUATION OF DYNAMIC 
STABILITY WITH APPLICATION TO FLUTTER 
TESTING. W.H. Reed III]. IAS 26th Annual Meet 
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ing, New York, Jan. 27-30, 1958, Preprint 822. 
19 pp. 14 refs. Members, $0.50; nonmembers, 
$0.85. Discussion of the dynamic response of a 
system with a time-varying excitation frequency, 
and consideration of various frequency-sweeptech- 
niques. An analysis of the transient motion of a 
single-degree-of-freedom system whose damping 
and natural frequency change with time indicates 
that the apparent stability depends upon which vi- 
bration measurement is being observed. Vibration 
time histories of acceleration are found to be about 
three times as sensitive to parameter variations 
as are time histories of velocity and displacement. 
The results are applied to flutter testing, and an 
approximate relation is derived for the magnitude 
of the apparent shift in the flutter boundary due to 
the unsteady nature of the tests. 


AIRPLANE DESIGN 


SOME APPLICATIONS OF THEORETICAL A- 
ERODYNAMICS TO THE DESIGN OF HIGH PER- 
FORMANCE AIRCRAFT. G. C. Grogan, Jr. 

IAS 26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 787. ll pp. 2l refs. Members, 
$0.35; nonmembers, $0.75. Discussion empha- 
sizing the importance of drag reduction by compar 
ing it with dry weight reduction, and presentation 
of low drag designs resulting from aerodynamic 
theory. These include the following: (a) several 
methods of designing low drag bodies of revolution, 
(b) two cases of designing by the supersonic area 
rule,(c) the design of low drag, trimmed, cambered 
wing surfaces, and (d) a simple example of favor- 
able interference between volume and lifting ele- 
ments. 


THE MINIMUM WAVE-DRAG PROBLEM FOR 
THE ADDITION OF A BODY TO A GIVEN AIR- 
PLANE CONFIGURATION. J. F. Vandrey. IAS 
26th Annual Meeting, New York, Jan. 27-30, 1958, 
Preprint 789. 15 pp. Members, $0.50; nonmem- 
bers, $0.85. Presentation of a numerical solution, 
based on the use of a Fourier series, for the addi- 
tional wave drag caused by adding a body to agiven 
configuration. This solution is used to determine 
the optimum area distribution of a body of given 
length, inlet and outlet area, and of givenvolume, 
which is to be added to the configuration along a 
certain streamline. Special cases of this general 
optimum problem are: (1) to reshape the central 
part of the fuselage of an airplane in such a way 
that its zero-lift wave-drag becomes a minimum, 
while the total volume and the two ends of the fuse- 
lage remain unchanged; and (2) to fair out the cen- 
tral part of the fuselage with a given front andrear 
ends, so that the whole airplane becomes a mini- 
mum under the circumstances, irrespective of its 
volume. 


A METHOD OF OPTIMISING AIRCRAFT AUTO- 
STABILIZER SYSTEMS. J. Wolkovitch. Coll. of 
Aeronautics, Cranfield, Rep. 113, May, 1957. 84 
pp. 19 refs. Presentation of the method applicable 
to piloted aircraft and including also many impor- 
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tant nonlinear effects with only slight extra com- 
plication in the required calculations. Its essence 
is the assumption that the purpose of the autosta- 
bilizer is to reduce the effort demanded of the pi- 
lot in executing a given maneuver or attaining a 
given response. Although the presence of the pilot 
is explicitly taken into account in the calculations, 
no form of pilot's transfer function need be spec- 
ified. It is shown how the procedure may be modi- 
fied to form an approximate procedure for the op- 
timization of autostabilizers for pilotless aircraft 
having linear autostabilizer characteristics and 
linear aircraft dynamics. 


GROUND PERFORMANCE AT TAKE-OFF AND 
LANDING. D. J. Kettle. Aircraft Eng., Jan., 
1958, pp. 2-4. Presentation of a chart for the rap- 
id evaluation of either unstick or landing roll dis- 
tance. The method does not deal with the airborne 
phase of take-off and landing maneuvers, and is 
strictly applicable only when wing incidence remains 
constant for the whole ground run. An attempt is 
made to relate an equivalent value of “£« to touch- 
down speed for the standard wet and dry runway,as 
adopted by I.C.A.O., assuming fitted automatic 
brakes and a maximum braking force equal to 0.35 
of the landing weight. 


A THEORETICAL ANALYSIS OF THE AIR- 
BORNE PATH DURING TAKE-OFF. W. R. Buck- 
ingham. Aircraft Eng., Jan., 1958, pp. 5-8. 
Linear analysis assuming that variations of the 
physical quantities (aircraft speed, angle between 
flight path andhorizontal, and lift coefficient incre- 
ment) are small enough for squares andhigher powers 
of such variations to be neglectedin comparison with 
the variations themselves. Results depend on the - 
solutions of a pair of ordinary simultaneous linear 
differential equations with constant coefficients. 

It is shown that if the aircraft speed never falls be- 
low the unstick speed, the limiting values of the 
lift coefficient increment defining the safe range of 
take-offs can be determined, and that, by consider- 
ing the mean value of the lift coefficient increment 
over the safe take-off range,it is possible todefine 
a mean safe take-off and to estimate the corre- 
sponding mean safe airborne distance from the un- 
stick point to a height of 50 feet. 


FUELS & LUBRICANTS 


LOW-TEMPERATURE, VAPOR-PHASE OXI- 
DATION OF FUEL-RICH HYDROCARBON MIX- 
TURES. W. T. House and Milton Orchin. US., 
NACA TN 4118, Jan., 1958. 30 pp. 17 refs. 

Study of the vapor-phase oxidation of methylcyclo- 
hexane in a flow system within the temperature 
range of 300° to 400° C under the conditions of 
0.1 the stoichiometric amount of oxygen, anda 
contact time of eight seconds in a spiral Pyrex re- 
actor 10.5 inches long. The yields of acids, alde- 
hydes, ketones, hydrogen peroxide, organic perox- 
ides, olefin, water, and unreacted hydrotarbon 
were determined. It was found that the yield of 
olefins reaches a maximum in the range of the neg- 
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ative temperature coefficient, that of peroxides 
decreases on increasing the temperature in this 
range, and that of other oxygenated materials 
steadily decreases at increasing temperatures. 
Dark-brown, tarry residues are obtained at the 
reactor exit, probably arising from condensation 
reactions of aldehydes and ketones. 


INSTRUMENTS 


A DECELERATION PROBE FOR MEASURING 
STAGNATION PRESSURE AND VELOCITY OF A 
PARTIC LE-LADEN GAS STREAM. J. L. Dus- 
sourd and A. H. Shapiro. Jet Propulsion, Jan., 
1958, pp. 24-34. ONR-supported theoretical and 
experimental investigation of stagnation pressure 
measurements, and development of a measuring 
device able to meet the following requirements: to 
prevent flooding from particles, and to minimize 
the aerodynamic interaction effects outside and 
inside the probe. The phenomena associated with 
the momentum interchanges between gas and par- 
ticles are analyzed, and quantitative evaluation is 
made of the associated error recorded by a total 
pressure probe. Error magnitude is presented 
graphically, and theoretical findings are checked 
by testing a series of experimental probes of var- 
ying geometry in an air stream carrying water 
droplets. A satisfactory agreement is obtained, 
and it is shown that the probe gives a negligible 
error and can also be adapted to local measure- 
ments of the mass rate of flow per unit area of 
particles, particle size, and particle velocity. 


MATERIALS 


Metals & Alloys 


O SVIAZI MEZHDU DIFFUSIEI I ZHAROPROCH- 
NOST'IU V SPLAVAKH NIKELEVYKH SISTEM. 
I, I. Kornilov and A. Ia. Shiniaev. AN SSSR Otd. 
Tekh. Nauk Izv., Sept., 1957, pp. 50-55. 10 refs. 
In Russian. Experimental investigation of the re- 
lationship between diffusion and heat resistance of 
nickel-based alloys. Tests are performed on Ni- 
Ti, Ni-Ti-Cr, and Ni-Ti-Cr-W-Al alloys at tem- 
peratures ranging between 800° and 1, 200°C, 
Results indicate that the diffusion coefficient has 
the greatest value at all temperatures in binary 
alloys; at temperatures up to 1,100° it has the 
smallest value in five-component alloys; at tem- 
peratures above 1,100° it becomes equal to the dif- 
fusion coefficient of the ternary alloy; at even 
higher temperatures (1, 200° - 1, 250°) its value be- 
comes larger than that of ternary alloys. The re- 
sults are used to calculate the value of the activa- 
tion energy of the diffusion process for each alloy. 


MATHEMATICS 


DISCRETE POTENTIAL THEORY FOR TWO- 
DIMENSIONAL LAPLACE AND POISSON DIFFER- 
ENCE EQUATIONS. Appendix A - GREEN'S IDEN- 


TITIES. Appendix B - HOMOGENEOUS INTEGRAL- 


EQUATION ANALOG FOR NEUMANN PROBLEM. 
Appendix C - HOMOGENEOUS INTEGRAL-EQUA- 
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TION ANALOG FOR DIRICHLET PROBLEM. Ap- 
pendix D - CLASSICAL POTENTIAL THEORY. 
Charles Saltzer. US, NACA TN 4086, Jan., 1958. 
60 pp. Presentation of a method for solving prob- 
lems associated with Laplace and Poisson equations 
which, in general, requires considerably fewer 
equations than the usual methods and gives a con- 
vergent solution by the method of successive ap- 
proximations. It is shown that for infinite regions, 
the exact solution for the Dirichlet and Neumann 
problems can be found by solving a system of equa- 
tions with as many variables as there are bound- 
ary points of the region. It is further shown that 
at each stage of the iteration a best possible esti- 
mate of the error of the approximate solution with 
respect to the exact solution of the difference equa- 
tion for the Dirichlet problem is furnished, and, 
for the Neumann problem, a bound for the error 

of the normal difference of the approximate solu- 
tion is given. 


APPLICATION DE LA TRANSFORMATION DE 
LAPLACE ET DE LA TRANSFORMATION DE 
HANKEL A LA DETERMINATION DE SOLUTIONS 
DE L'EQUATION DE LA CHALEUR ET DES EQUA- 
TIONS DE MAXWELL EN COORDONNEES CYLIN- 
DRIQUES. Huguette Delavault. France, Min. de 
l'Air NT 71, 1957. 99 pp. 59 refs. SDIT, 2 Av. 
Porte-d'Issy, Paris 15, Frs. 1,500. In French. 
Investigation of the use of combinations of Laplace, 
Hankel, and Fourier transforms, using the Lapla- 
ce function for time variables and the other trans- 
forms for spatial variables. The characteristics 
of these combined operations are described. The 
simultaneous use of these transforms permits to 
obtain the solution of problems to given limits of 
three or four variables. As an example two prob- 
lems are analyzed: (a) heat transfer between plane 
surfaces and (b) propagation of electromagnetic 
waves in a circular cylinder with generalized wall 
conditions. 


MISSILES 


EINFLUSSGROSSEN BALLISTISCHER FERN- 
FLUGKORPER. Oscar Scholze. Raketentech. & 
Raumfahrtforsch., Jan., 1958, pp. 2-8. In Ger- 
man. Investigation of trajectory characteristics 
of missiles, rocket aircraft, and satellite-carrying 
rockets shows that trajectories of all three are 
similar and therefore could be produced by the 
same type of propulsion. Study includes: dimen- 
sional effects, the effects of acceleration, number 
of stages or boost units, and air resistance. Cur- 
rent developmental problems are briefly summa- 
rized. 


THE CALCULATION OF FUEL DISTRIBUTION 
IN STEP-ROCKETS. M. L. Williams. Brit. 
Interpl. Soc. J., Oct.-Dec., 1957, pp. 211-215. 


Presentation of results indicating changes in 
Vertregt's analysis of the rocket performance that 
result from considering the dry mass tc be com- 
posed of three parts: load-carrying structure, 
non-structural weight, and power plant weight. 
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NAVIGATION 


INERTIAL GUIDANCE FOR ROCKET-PRO- 
PELLED MISSILES. W. T. Russell. (ARS Semi- 
Annual Meeting, San Francisco, June 10-13, 1957.) 
Jet Propulsion, Jan., 1958, pp. 17-24. 14 refs. 
Explanation of the basic elements of inertial guid- 
ance systems, and description of precision gyro- 
scopes, accelerometers, and stabilized platforms. 
Guidance schemes appropriate to ballistic missiles 
are discussed, and a trajectory for the German 
V-2 rocket is presented as an example. The prob- 
lem of gravity computation is considered, and the 
effect of instrument errors is explored. A mis- 
sile steering computer and a rocket motor shut-off 
computer are given for the V-2 rocket. Numerical 
values of coefficients are calculated for the sample 
trajectory. 


PHYSICS 


MAGNITNAIA GIDRODINAMIKA, S. I. Syro- 
vatskii. Uspekhi Fiz. Nauk, July, 1957, pp. 247- 
303. 145 refs. In Russian. Analysis of the theo- 
ry of magnetohydrodynamics and review of previ- 
ously obtained results. Includes: derivation of 
basic equations; discontinuity surfaces and shock 
waves -- tangential discontinuity, perpendicular 
shock wave, magnetohydrodynamic wave, inclined 
shock wave; amplification of the magnetic field; 
stability problems -- gravitational stability, ther- 
mal convection in the magnetic field, stability of 
the simplest fluxes in the magnetic field; magne- 
tohydrodynamic turbulence -- conditions of growth 
of the magnetic field in turbulent media, station- 
ary-state problem, two-dimensional turbulence, 
application of methods of the theory of homogeneous 
isotropic turbulence in magnetohydrodynamics; and 
derivation of solutions for such problems as mag- 
netohydrostatics, stationary solutions, magnetohy- 
drodynamic waves of arbitrary amplitude, and 
nonstationary motions. 


TRANSMISSION OF ELECTROMAGNETIC 
WAVES THROUGH IONIZED AIR SURROUNDING 
HYPERSONIC AIRCRAFT. Z. O. Bleviss. 
Douglas Rep. SM-22965, Oct., 1957. 30 pp. 16 
refs. Estimation of the magnitude of the effect of 
ionized air on the transmission through two differ - 
ent regions: (a) the blunt nose region, and (b) the 
high-speed laminar or turbulent boundary layer on 
a slender afterbody. Thermodynamic equilibrium 
is assumed, and well-known equations for the prop- 
agation of electromagnetic waves in the ionosphere 
are used to study two effects: (1) attenuation of 
waves passing through ionized air and (2) reflec- 
tion of waves as they impinge on ionized air, as 
functions of speed, altitude, and wave length. It is 
concluded that for speeds up to about 25, 000 feet 
per second and altitudes up to 250,000 feet, vacuum 
wave lengths less than about one millimeter are 
necessary for transmission through the blunt nose 
region, and of about one meter for transmission 
through the high-speed boundary layer. 
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POWER PLANTS 


Jet & Turbine 


A THEORETICAL ANALYSIS OF REACTION 
RATE CONTROLLED SYSTEMS. Il. Appendix I, 
Il - EFFECT OF FUEL DISTRIBUTION ON REAC- 
TION RATES. Appendix II - HEAT LOSS RATE 
FROM "CAN" BURNERS. Appendix IV - PRES- 
SURE LOSS DEPENDENCE OF "CAN" BURNERS. 
M. V. Herbert. Gt. Brit., NGTE Rep. R.213, 
Oct., 1957. 129 pp. 44 refs. Analysis in which 
general equations given previously are revised, 
leading in particular to a corrected vitiation factor 
in the air loading group. Theoretical predictions 
of loading are also made for the cases of water 
vapor dilution of the combustion mixture and 
nonuniform fuel distribution. Further analysis of 
data on can and baffle stabilizers clasifies the bal- 
ance between reaction and aerodynamic factors. 

It is tentatively concluded that this balance is sim- 
ilar for cans with a statistical internal flow pattern 
and both three and properly two-dimensional baf- 
fles with fully turbulent conditions in the wake. 


‘An explanation is also given for the effect of baffle 


drag on stability for small blockages. 


EXPERIMENTAL INVESTIGATION OF TURBO- 
JET-ENGINE MULTIPLE-LOOP CONTROLS FOR 
NONAFTERBURNING AND AF TERBURNING 
MODES OF ENGINE OPERATION. Appendix A, 

B - SYSTEM RESPONSE EQUATIONS AND STA- 
BILITY STUDIES FOR DOUBLE-LOOP CONTROLS 
ON A TURBOJET ENGINE. D. B. Kirsch, L. M. 
Wenzel, and C. E. Hart. US, NACA TN 4159, Jan., 
1958. 6l pp. Determination of the mode of control 
required for obtaining optimum rotor speed and 
turbine-discharge temperature transient response 
characteristics during thrust increase and after- 
burner ignition. Good engine transient performance 
characteristics are obtained with a control system 
in which engine speed is controlled by manipulation 
of exhaust-nozzle area and turbine-discharge tem- 
perature by engine fuel flow. Acceptable although 
more oscillatory transient responses are obtained 
with a control system in which speed is controlled 
by manipulation of engine fuel flow, turbine-dis- 
charge temperature is controlled by manipulation 
of exhaust-nozzle area, and a noninteraction gain 
term is incorporated in the speed- to the temper- 
ature-control loops. 


Rocket 


FACTORS WHICH INFLUENCE THE SUITABIL- 
ITY OF LIQUID PROPELLANTS AS ROCKET MO- 
TOR REGENERATIVE COOLANTS. D. R. Bartz. 
(ARS Spring Meeting, Washington, Apr. 4-6,1957.) 
Jet Propulsion, Jan., 1958, pp. 46-53. 39 refs. 


Brief review of methods of utilizing liquid propel- 
lants, and presentation of criteria for acceptable 
cooling. Methods of analytical and experimental 
determination of the pertinent heat-transfer charac- 
teristics of propellants are described, and the 
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measured maximum rates at which liquid ammonia 
can satisfactorily acceptheat are presented to show 
typical trends with variations of fluid pressure, 
temperature,and velocity. Measured maximum 
rates for several propellants are compared with 
predictions of heat fluxes from the combustion 
gases of these propellants when producing the same 
thrust in a hypothetical rocket motor, thus obtain- 
ing an insight into the importance of various propel- 
lant properties and operating conditions. 


ROTATING WING AIRCRAFT 


PITCH-LAG INSTABILITY OF HELICOPTER 
ROTORS. Pei-Chi Chou. IAS 26th Annual Meet- 
ing, New York, Jan. 27-30, 1958, Preprint 805. 
15 pp. Members, $0.50; nonmembers, $0.85. 
Analysis of the problem of pitch-lag instability in 
which it is found that even on a rigid whirl tower 
or with rigid shaft and body support, self-excited 
oscillations of fully articulated helicopter rotors 
are possible if the pitch control linkage or the in- 
clination of the lag hinge axis is such that a lag an- 
gle increase is accompanied by a pitch angle de- 
crease. A simple physical explanation and a rig-~ 
orous mathematical analysis are presented. A 
stability criterion which includes the effects of 
coupling between pitch-lag and pitch-flap is deriv- 
ed. 


PITCH-LAG INSTABILITY AS ENCOUNTERED 
DURING TESTS OF A MODEL ROTOR. J. W. 
McKee. IAS 26th Annual Meeting, New York, Jan. 
27-30, 1958, Preprint 807. 7 pp. Members, $0.35 
nonmembers, $0.75. Experimental investigation 
of rotor-blade oscillations of a model helicopter 
rotor. It is suggested that the origin of the oscil- 
lations is inthe kinematic properties of the blade 
linkage which cause pitch to be reduced as the blade 
lags back. Rotor theory for the hovering condi- 
tions indicates that such a coupling has a destabi- 
lizing influence on lag oscillations. The nature of 
the oscillations, the test condition effects, the ex- 
istence of a pitch-lag coupling, the effect of hub 
modification to remove the coupling, and the effect 
of lag dampers are described. 


SPACE TRAVEL 


GRAVITATIONAL TORQUE ON A SATELLITE 
VEHICLE. R. E. Roberson. Franklin Inst. J., 
Jan., 1958, pp. 13-22. Determination of the grav- 
itational torque components along the principal ax- 
es of inertia for a satellite.vehicle in the field of 
the earth, using a potential function for a small 
rigid body in the field of an oblate spheroid devel- 
oped previously by Roberson and Tatistcheff. The 
defining relationships are not completely reduced 
for large angular motions of the satellite, but 
torque components are found explicitly in terms of 
the angles of attitude deviation from a desired atti- 
tude reference for the small-angle case. 


UBER EINE NAHERUNGSMETHODE ZUR BE- 
RECHNUNG VON KREISBAHNRAKETEN,. H. H. 
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Koelle. Raketentech. & Raumfahrtforsch., Jan., 
1958, pp. 8-12. In German. Development of an 
approximate analytical method for the calculation 
of circular orbits of rocket vehicles. The method 
permits the determination, with a relatively small 
time expenditure, of design and performance pa- 
rameters of a multistage rocket for flight missions 
which lead from the earth's surface into a circular 
orbit at arbitrary altitude around the earth. This 
method also leads to another simplified method for 
the calculation of long-range rocket vehicles. As 
an illustrative example the case of a three-stage 
circular-orbit rocket is treated. 


STRUCTURES 


THE MATRIX FORCE METHOD OF STRUCTUR.- 
AL ANALYSIS AND SOME NEW APPLICATIONS. 
J. H. Argyris and S. Kelsey. Gt. Brit., ARC 
R&M 3034, 1957. 42 pp. BIS, New York, $2. 16. 
Development of a special method of cut-outs, de- 
riving the structure stresses from the simpler 
analysis of the corresponding structure without 
cut-outs under the same loads and/or tempera- 
ture distribution. A method is also presented 
for the determination of stresses ina structure, 
some of whose components are modified subse- 
quent to an initial stress analysis. 


Bars & Rods 


WPEYW ZMNIEJSZANIA SIE MIMOSRODU NA 
UGIECIA PRETOW MIMOSRODOWO SCISKANYCH. 
Michal Zyczkowski. Rozprawy Inzynierskie, No.3, 
1957, pp. 399-419. 19 refs. In Polish, with sum- 
maries in English and Russian. Analysis of the 
influence of decreasing eccentricity on the deflec- 
tions of a bar subjected to eccentric compression, 
by comparing it with constant eccentricity. Using 
the exact equation of the deflection curve,the equa- 
tions are obtained for the maximum deflection in 
the case of decreasing eccentricity andin the case 
of constant eccentricity. A four-figure table of 
the deflections of a bar under buckling is presented. 


Beams & Columns 


FATIGUE BEHAVIOR OF AIRCRAFT STRUC- 
TURAL BEAMS. Appendix - TYPICAL CALCU- 
LATIONS OF MOMENTS OF INERTIA, BUCKLING 
STRESSES, BENDING MOMENTS, AND DEFLEC- 
TIONS. W. S. Hyler, H. G. Popp, D. N. Gideon, 
S. A. Gordon, and H. J. Grover. US, NACA TN 
4137, Jan., 1958. 60 pp. Study of the correlation 
of composite structural fatigue behavior. Fatigue 
material, and simple-element behavior. Fatigue 
and related static tests are made on aluminum- 
alloy box beams and I-beams, and also on elements 
simulating key failure locations in the two beams. 


* Results show that for the box beam, the fatigue 


behavior at the critical location of failure is appar- 
ently correlated with the behavior of a simple sim- 
ulation element. Correlation is obtained when the 
failure mode and the secondary stresses are du- 
plicated. For the I-beam there appears to be 
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qualitative agreement with a simulation element. 
High fatigue notch factors are found in both beams, 
and the study of simulation elements suggests that 
such factors may be expected in composite struc- 
tures where biaxial stress distributions and mark- 
ed stress gradients occur around rivets, 


THE EFFECTS OF INELASTIC ACTION ON 
THE RESISTANCE TO VARIOUS TYPES OF 
LOADS OF DUCTILE MEMBERS MADE FROM 
VARIOUS CLASSES OF METALS. VII - INELAS- 
TIC BEHAVIOR OF ALUMINUM ALLOY I-BEAMS 
WITH ELLIPTIC-TYPE WEB SECTION CUTOUTS. 
Ww. J. Worley and F. D. Breuer. USAF WADC 
TR 56-330, Pt. VII [AD 142217], Dec., 1957. 24 
pp. Experimental and theoretical investigation 
employing the upper bound theorem to predict ul- 
timate loads of various beanis. The mathe- 
matical relations are developed to enable solution 
by means of an electronic digital computing ma- 
chine. The I-beams tested are loaded as simple 
beams with center loading. The results obtained 
on the computer indicate that a diamond-shaped 
web section cutout is the most favorable for re- 
sisting fully plastic bending, and the test results 
substantiate this. 


Cylinders & Shells 


ON TRANSVERSE VIBRATIONS OF SHALLOW 
SPHERICAL SHELLS. M. W. Johnson and Eric 
Reissner. Quart. Appl. Math., Jan., 1958, pp. 
367-380. ONR-supported analysis of shallow 
shells without axial symmetry. Appropriate solu- 
tions of the differential equations are obtained 
and these are used to obtain the frequencies of free 
vibrations of a spherical shell segment (or cap) 
with free edges, depending on the curvature of the 
segment and on the number of nodal circles and 
diameters. 


STABILITY LIMITS FOR A CLAMPED SPHER- 
ICAL SHELL SEGMENT UNDER UNIFORM PRES- 
SURE. R. R. Archer. Quart. Appl. Math., Jan., 
1958, pp. 355-366. 16 refs. Development of an 
integration procedure for differential equations of 
finite deflections in clamped shallow spherical 
shells. Stability limits for the clamped shell are 
obtained for a range of central height to thickness 
ratios from about 1 to 35. It is noted that prob- 
lems of finite axisymmetric deflections of flat 
plates are included as a limiting case of the shal- 
low shell, and the methods presented carry over 
to such a problem. 


EDGE STRESSES IN THIN SHELLS OF REVO- 
LUTION. W. H. Wittrick. Australian J. Appl. 
Sci., Dec., 1957, pp. 235-260. Presentation of 
explicit solutions for stress systems which decay 
rapidly with the distance from either a circular or 
a meridional edge of a thin shell whose shape is a 
surface of revolution but otherwise arbitrary. The 
accuracy of the solutions is consistent with that of 
the generally accepted equations of thin shell the- 
ory. The significance of these solutions from the 
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point of view of the boundary conditions of mem- 
brane theory is discussed... 


Elasticity & Plasticity 


THERMO-ELASTIC SIMILARITY LAWS. A. E. 
Green, J. R. M. Radok, and R. S. Rivlin. Quart. 
Appl. Math., Jan., 1958, pp. 381-393. Determi- 
nation of conditions which must be satisfied by the 
physical parameters describing the properties of 
a body and a scale model, in order that the stress 
in the original body may be determined from that 
at the corresponding position and time in the scale 
model by means of the multiplier M (rigidity mod- 
ulus of body/rigidity modulus of model). 


CISNIENIE ZREDUKOWANE JAKO JEDEN Z , 
PARAMETROW WYTEZENIA (PRZYROST W2LAS- 
CIWEJ ENERGII SWOBODNEJ JAKO MIARA WITE- 
ZENIA). Jerzy Zawadzki. Rozprawy Inzynierskie, 
No. 3, 1957, pp. 357-398. 80 refs. In Polish, 
with summaries in English and Russian. Analysis 
of reduced pressure as a strength parameter and 
the increase of unit free energy as a measure of 
effective stress. A strength theory applicable in 
practise is developed, based on the fundamental 
assumptions and laws of the theory of solid bodies. 
It can also be applied to many materials, anumber 
of technically important metals, and after some 
improvements, taking into account entropy changes, 
to plastics. 


Plates 


A CLOSED SOLUTION IN THE CASE OF A 
SEMI-INFINITE PLATE WITH DISCONTINUOUS 
BOUNDARY CONDITIONS. Artur Kacner. Arch. 
Mech. Stosowanej, No. 4, 1957, pp. 371-380. 
Investigation of the problems of statics and dynam- 
ics of plates, and derivation of a solution by means 
of Fredholm's integral equation of the second kind. 
This solution, when passing to the limit with the 
value « of the Winklerian coefficient of support 
of a boundary segment, becomes Fredholm's equa- 
tion of the first kind. The discussion of the solu- 
tion confirms the results obtained in a previous 
investigation and enables a conclusion to be made 
concerning the boundary force behavior when the 
Winklerian coefficient w of the boundary segment 
decreases to zero. It is shown that in this case 
the function of boundary force is identical with the 
function for the case of homogeneous boundary con 
ditions at points separating neighboring segments 
of different support conditions. 


BUCKLING OF SIMPLY SUPPORTED PLATES 
UNDER ARBITRARY SYMMETRICAL TEMPERA- 
TURE DISTRIBUTIONS. J. M. Klosner and M. J. 
Forray. J. Aero. Sci., Mar., 1958, pp. 181-184. 
Plane-stress solution for a plate subjected to an 
arbitrary symmetric temperature distribution, 
assuming straight plate edges. The deflection 
function for the buckled plate is approximated by 
the first four terms of a double infinite harmonic 
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series, and the Rayleigh-Ritz procedure is used 
to determine approximately when initial buckling 
occurs. 


A PLANE DISTORTION PROBLEM. Witold 
Nowacki. Arch. Mech. Stosowanej, No. 4, 1957, 
pp. 417-438. Theoretical investigation of a sim- 
ply connected thin plate free from stresses at the 
edges, assuming a given strain state in the region 
IT’ of the plate and zero strain components outside 
that region. The strain and stress components are 
determined for given initial deformations, using 
Green functions for generalized displacement equa- 
tions and the generalized Airy equation. The meth- 
od is illustrated by means of three examples: an 
infinite plate, a semi-infinite plate, anda plate 
strip. 


ELASTIC-PLASTIC BENDING OF NON-HO- 
MOGENEOUS ORTHOTROPIC CIRCULAR PLATES 
W. Olszak and J. Murzewski. Arch. Mech. Sto- 
sowanej, No. 4, 1957, pp. 467-485. 23 refs. In- 
vestigation of plates of variable thickness assuming 
an axially symmetric distributed load and a cylin- 
drically orthotropic material characterized by a 
continuous nonhomogeneity of such type that the 
elastic and plastic moduli are functions of the dis- 
tance from the plate center only. It is further as- 
sumed that the plate thickness is small as com- 
pared with its radius and the deflection is small 
in respect to the plate thickness. The principal 
assumptions are based on results obtained by 
Olszak and Urbanowski for nonhomogeneous an- 
isotropic bodies. 


EINFLUSS EINER UNENDLICHEN REIHE 
GLEICHER KREISLOCHER AUF DIE DURCHBIE- 
GUNG EINER DUNNEN PLATTE. O. Tamate. 
ZAMM, Nov.-Dec., 1957, pp. 431-441. 10 refs. 
In German. Application of the Kirchhoff theory of 
bending and the complex representation due to 
Muskhelishvili to obtain an estimate of the influ- 
ence which an infinite series of equal circular 
holes will have on the stress distribution in a 
plate subjected to bending moments. A perturba- 
tion theory is used to determine the coefficients 
included in the deflection function. 


BEITRAGE ZUR DIAZ-GREENBERG-METHO- 
DE. Ridiger Nicolovius. ZAMM, Nov.-Dec., 
1957, pp. 449-457. 10 refs. In German. Appli- 
cation of the Diaz-Greenberg method to boundary 
value problems of a more general character by 
means of the hypercircle method due to Synge. The 
proof is given for fourth-order boundary value 
problems, and the method is illustrated by a nu- 
merical example and compared with the Maple- 
Synge method. Includes discussion of some further 
applications of the method. 


Sandwich Structures 


THERMAL STRESSES AND DEFLECTIONS IN 
RECTANGULAR SANDWICH PLATES. P. P. 
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Bijlaard. LIAS 26th Annual Meeting, New York, 
Jan. 27-30, 1958, Preprint 777. 15 pp. Members, 
$0.50; nonmembers, $0.85. Derivation of equa- 
tions for bending moments, torsional moments, 
and transverse shear forces,assuming the temper- 
ature of the upper surface higher than that of the 
lower one, and specially considering the required 
edge reactions. It is shown that,except for cases 
where all edges are clamped or all edges are sim- 
ply supported, transverse shear forces occur, so 
that the shear deformation of the core has to be 
considered. Plates with two opposite edges simply 
supported and the other two free or clamped are 
dealt with, and the case where three edges are sim 
ply supported and the fourth edge is free is comput 
ed. Graphs of some numerical results are pre- 
sented. 


Thermal Stress 


THERMAL DISPLACEMENTS IN AN ELASTIC 
SEMI-SPACE DUE TO SUDDEN HEATING OF THE 
BOUNDARY PLANE. Jozef Ignaczak. Arch. Mech. 
Stosowanej, No. 4, 1957, pp. 395-416. Mathe- 
matical investigation leading to a solution of the 
equations of motion of the theory of thermoelastic- 
ity in a semi-space for given boundary and initial 
conditions. The methods used are based on the 
elementary properties of operational calculus, in 
particular on the Fourier integral transformation 
and a number of properties of the Dirac function. 
Certain properties of retarded potentials are also 
used, as well as the tensor notation in writing the 
equations. The problem is divided into three 
parts: derivation of the equations, consideration 
of the temperature distribution, and solution ofthe 
principal problem. 


PODSTAWY TEORII PELZANIA USTROJOW 
HIPERSTATYCZNYCH WSTEPNIE SPREZONYCH. 
Czestaw Eimer. Rozprawy Inzynierskie, No. 3, 
1957, pp. 421-458. 19 refs. In Polish, with sum- 
maries in English and Russian. Investigation, 
based on the Volterra-Boltzmann general linear- 
creep theory, of the foundations of the theory of 
creep in statically indeterminate prestressed struc- 
tures, and derivation of equations for determining 
the redundant quantities as functions of time. A 
general discussion for solving such equations is 
included, and consideration is given to the follow- 
ing principal ways in which the theory can be sim- 
plified: simplification of the equations of internal 
statical indeterminacy, simplification of the equa- 
tions of external statical indeterminacy, and re- 
placement of integral equations by differential 
equations. 


THERMODYNAMICS 


Heat Transfer 


SOME HEAT CONDUCTION SOLUTIONS IN- 
VOLVED IN TRANSIENT HEAT TRANSFER MEAS 
UREMENTS. R. J. Cresci and P. A. Libby. 
USAF WADC TN 57-236 [AD 130800], Sept., 1957. 
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27 pp. Development of a transient measurement 
technique allowing tests to be run at variable Reyn- 
olds Numbers, and using a cylindrical plug for 
transforming the general three-dimensional tem- 
perature distribution within the body into a local dis- 
tribution, due to the one-dimensional heat flow in the 
plug. The analyses used in the determination of 
local heat transfer rates are obtained by solving 
the one-dimensional heat conduction equation with 
a variety of boundary conditions which are subdi- 
vided into two major classifications: (a) simpler 
solutions obtained for low heat transfer rates and 
short heating times, and (b) more complex solu- 
tions used when the model is subjected to high rates 
of heat transfer over relatively long period of time. 
Solutions for constant heat transfer coefficient, 
constant heat rate, and arbitrary surface tempera- 
ture are obtained, and the standard heat conduction 
solutions are adapted to particular heat-transfer- 
measurement conditions. 


THE DETERMINATION OF ABSOLUTE INTEN- 
SITIES AND F-NUMBERS FROM SHOCK-TUBE 
STUDIES. S.S. Penner. CIT Jet Propulsion Lab, 
TR 5, Dec., 1957. 42 pp. refs. USAF-sup- 
ported discussion of the basic physical laws refer- 
ing to equilibrium radiation from heated gases, 
and acritical evaluation of experimental procedures 
for absolute intensity measurements which also 
apply to shock tube studies. A summary is given 
on published experimental shock-tube studies of 
emissivity measurements for air, along with qual- 
itative spectroscopic studies behind shock fronts 
for selected atomic and molecular systems. The 
quantitative interpretation of two-path data for the 
determination of temperature, concentration, and 
absolute intensities is explained. 


VTOL & STOL 


PRELIMINARY INVESTIGATION OF A DUCTED 
FAN IN LIFTING FORWARD FLIGHT. N. D. Ham 
and H. H. Moser. IAS 26th Annual Meeting, New 
York, Jan. 27-30, 1958, Preprint 827. 19 pp. ll 
refs. Members, $0.50; nonmembers, $0.85. 
Wind-tunnel measurements of lift, drag, pitching 
moment, and rotor power in the chord-plane of a 
wing section, and preliminary wave survey of the 
rotor inflow corresponding to various flight condi- 
tions. The results are presented in graphical form. 
A tuft study of the flow over the wing is made, and 
a qualitative discussion of the results of this study 
is included. Analytic comparisions of the above 
results with existing theories are presented togeth- 
er with a discussion of the results of the program. 


THE FLYING PLATFORM AS A RESEARCH 
VEHICLE FOR DUCTED PROPELLERS. A. H. 
Sacks. IAS 26th Annual Meeting, New York, Jan. 
27-30, 1958, Preprint 832. 15 pp. Members, 
$0.50; nonmembers, $0.85. Army-Navy-sponsor- 
ed discussion of some of the aerodynamic and dy- 
namic problems peculiar to the ducted propeller. 
The tilt angles required for forward flight equilib- 
rium are calculated by momentum theory, and a 
new theory is developed for the pitching moments 
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on a ducted propeller in forward flight. Theoreti- 
cal predictions are compared with data obtained 
from wind tunnel tests and full-scale truck tests, 
and the results are discussed. The dynamic sta- 
bility of the flying platform is also considered, and 
the stability in hovering is calculated with and 
without automatic stabilization. 


EXPERIMENTAL INVESTIGATION OF THE 
EFFECTS OF SOME SHROUD DESIGN VARIABLES 
ON THE STATIC THRUST CHARACTERISTICS OF 
A SMALL-SCALE SHROUDED PROPELLER SUB- 
MERGED IN A WING. R. T. Taylor. US, NACA 
TN 4126, Jan., 1958. 23 pp. Study to determine 
the effects of shroud-lip radius of curvature, 
shroud iength, and shroud diffuser angle on the 
static thrust characteristics. Also included are 
the effects of the distance from the shroud exit 
to the ground on the distance available for take- 
off. The data indicate that when a shroud-lip 
radius of curvature below 6% of the propeller 
diameter is used, marked reductions in static 
thrust efficiency result. Relatively minor losses 
in static thrust efficiency occur as a result of de- 
creasing the shroud length. Increases in exitarea 
result in some minor losses in static thrust effi- 
ciency. Close proximity of the shroud exit to the 
ground can result in very large losses in thrust. 


EXPERIMENTAL INVESTIGATION OF THE 
LATERAL TRIM OF A WING-PROPELLER COM- 
BINATION AT ANGLES OF ATTACK UP TO 90° 
WITH ALL PROPELLERS TURNING IN THESAME 
DIRECTION. W. A. Newsom, Jr. US, NACA TN 
4190, Jan., 1958. 27 pp. Experimental investiga- 
tion using a model with four propellers, the slip- 
stream from which covered practically the entire 
span of the wing. Tests are made at angles of at- 
tack up to 90° for various differential flap deflec- 
tions and differential blade pitch on the outboard 
propellers. The lateral trim of the configuration 
tested is marginal and it seems likeley, therefore, 
that some tilting-wing VTO aircraft could be trim- 
med with all the propellers rotating in the same 
direction whereas others could not. 


WATER-BORNE AIRCRAFT 


DVIZHENIE PLASTINKI BESKONECHNOGO 
RAZMAKHA VBLIZI SVOBODNOI POVERKHNOSTI 
IDEAL'NOI NEVESOMOI ZHIDKOSTI. E. A. Fedo- 
rov. AN SSSR Dokl., Sept. 21, 1957, pp. 373-376. 
In Russian. Derivation of a solution for the prob- 
lem of motion of a plate of infinite span near the 
free surface of an ideal imponderable liquid. The 
types of flow considered in the problem are those 
by which the upper surface of the plate is partly or 
entirely washed by the liquid. Also consideredare 
the limiting cases where the separation of free 
streams occurs direcily at the leading edge of the 
plate. 


A METHOD FOR CALCULATION OF HYDRO- 
DYNAMIC LIFT FOR SUBMERGED AND PLAN- 
ING RECTANGULAR LIFTING SURFACES. K. L. 
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Wadlin and K. W. Christopher. US, NACA TN 
4168, Jan., 1958: 34pp. 13 refs. Development 
of a method for surfaces of aspect ratios from 
0.125 to 10 operating at finite depths beneath the 
water surface, including the zero depth or planing 
condition. Theoretical values are compared with 
experimental values obtained at various depths of 
submergence with lifting surfaces of aspect ratios 
from 0.125 to 10. The method can also be applied 
to hydrofoils with dihedral. Lift coefficients com- 
puted by this method are in good agreement with 
existing experimental data for aspect ratios from 
0.125 to 10 and dihedral angles up to 30°. 


KOSOI UDAR O ZHIDKOST'. I. T. Egorov. 
AN SSSR Otd.' Tekh. Nauk Izv., Aug., 1957, pp. 
41-47. In Russian. Investigation of the impact of 
a flat plate of infinite span on the surface of a liq- 
uid, assuming that at the time of the impact the 
plate has a relative-velocity vector component 
parallel to the undisturbed surface of the liquid. 
The interaction process is divided into two 
phases -- (a) the plate penetrating water and (b) 
the subsequent unsteady motion of the plate with a 
constant or, in the case of high horizontal speeds, 
the varying wetted length. 


WIND TUNNELS & RESEARCH FACILITIES 


DESIGN AND OPERATION OF HUPERSONIC 
WIND TUNNELS. R. Smelt and J. C. Sivells. 
(NATO AGARD lith Wind Tunnel & Model Testing 
Panel, Scheveningen, July 8-12, 1957.) NATO 
AGARD Rep. 135, July, 1957. 37 pp. 72 refs. 
Discussionofair-supply, diffuser efficiency, heat- 
er design andoperation, nozzle design andcalibra- 
tion, as wellas instrumentation problems. Real (im- 
perfect) gas effects and the application of hyper- 
sonic -wind-tunnel results to flight problems are 
also investigated, and solutions are given, based 
on experience of the design and operation of the 
Gas Dynamics Facility at the Arnold Engineering 
Development Center. 


SHOCK TUBE DRIVER TECHNIQUES AND AT- 
TENUATION MEASUREMENTS. Ch. E. Wittliff 
and M. R. Wilson. Cornell Aero. Lab. Rep. AD- 
1052-A-4 (AFOSR TN 57-546) [AD 136531], Aug., 
1957. 34 pp. 10 refs. Study of the techniques and 
different driver gases for producing shock waves 
(M>4) and the resultant attenuation of the shock 
waves in the low pressure tube. It is shown that 
the amount of attenuation increases with increasing 
shock wave strength, and the more efficient a given 
driver technique is in producing the shock wave, 
the larger is the attenuation degree. Presently 
available theories on shock wave attenuation are 
reviewed, and it is concluded that the theories do 
not accurately predict the attenuation of shock 
waves having Mach Numbers greater than 2. 


EXPERIMENTAL AND THEORETICAL STUDY 
OF MEAN BOUNDARY CONDITIONS AT PERFO - 
RATED AND LONGITUDINALLY SLOTTED WIND 
TUNNEL WALLS. .C..F. Chen and J. W. Mears. 
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_ guidance becomes effective. 


USAF AEDC TR 57-20 [AD 144320], Dec., 1957. 
42 pp. Derivation of a mean boundary condition 
for the flow of an incompressible inviscid fluid 
along a longitudinally slotted wall, taking into ac- 
count the finite thickness of the slots. The flow is 
investigated near a wall along its longitudinal axis, 
and the results show that the mean boundary con- 
dition is satisfied in the middle portion of the re- 
gion. The mean boundary condition derived by 
Maeder and Wood for a perforated wall is inves- 
tigated. Results show that the mean boundary con- 
dition is not satisfied at either end of the test 
section, On the middle portion the mean boundary 
condition would be satisfied if it were modified by 
an additional constant, 


A SIMPLE METHOD OF IMPROVING THE SU- 
PERSONIC VELOCITY DISTRIBUTION IN A TRAN- 
SONIC TUNNEL HAVING SLOTTED WALLS. C. N, 
Hall, Gt. Brit., RAE TN Aero, 2517, July, 1957, 
13 pp. Description of the modification of the center- 
line distribution of Mach Number at supersonic 
speeds by means of curved lengths of perforated 
steel plate set behind a proportion of the suction 
slots in the walls of the working section, It is 
found that the slope and curvature of the perforated 
strips and the distance from the suction slots de- 
termine the effect of the plates on the distribution 
of Mach Number, A form of plate is evolved which 
reduces the variation of Mach Number about the 
mean from 10,010 to 0,006 at the maximum Mach 
Number. 


USE OF A FREE MOLECULE PROBE IN HIGH 
SPEED RAREFIED GAS FLOW STUDIES. Appen- 
dix - CORRECTION FOR END CONDUCTION. 

J. A. Laurmann and D. C. Ipsen. USAF WADC 
TR 57-440 [AD 142109], Oct., 1957. 40 pp. 12 
refs. Investigation of two flow configurations, 
namely, the leading edge regions of a wedge anda 
flat plate at zero angle of attack, both at nom- 
inal Mach Numbers of 4 to 6. Results show the 
nature of the flow, and the shock wave position;the 
boundary layer is easily discernible from the 
changes in temperature and heat transfer coeffi- 
cient of the wire. 


PRESENTATION D'UNE MAQUETTE DE RE- 
CHERCHE EN VOL HORIZONTAL RECTILIGNE 
DANS LE DOMAINE DES VITESSES TRANSSONI- 
QUES. Paul Lygrisse and André Rémondiére. 

La Recherche Aéronautique, Nov.-Dec., 1957, pp. 
13-17. In French. Development of an experimen- 
tal method and application to a model in rectilinear 
horizontal flight in the transonic range, in order 
to put this model into a fixed trajectory before the 
This method is based 
on the observation and control of certain movements 
of the center of gravity and around the center of 
gravity of the model. Includes description of the 
model and of the equipment used and presentation 
of experimental results. 
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Lockheed’s. ultrasonic “missile with a man 
in it” can outrace the sun from New York 
to San Francisco. When necessary, it can 
zoom into the upper stratosphere to 
perform its vital day-and-night missions.’ 


Less than 55 feet long, with knife-sharp 
7%4-foot wings, the F-104 Starfighter packs 
awesome firepower. Each wing tip can 
carry a Sidewinder missile—which is 
guided to its target by an infrared track- 


THE LOCKHEED F-104 STARFIGHTER 


—world’s fastest, highest-flying operational airplane 


ing device (which “feels” the presence of 
other aircraft by the heat they radiate). 


No other fighter plane in USAF history 
has been so thoroughly performance- 
proved before entering service. For over 
three years Air Force and Lockheed pilots, 
engineers and scientists have subjected the 
F-104 Starfighter, its electronic components 
and armament to the most punishing tests 
they could devise. This new pre-service 


procedure assures maximum utilization of 
the F-104—starting with its very first 
mission for the Air Defense Command. 


LOCKHEED 
means leadership 


Lockheed Aircraft Corporation 
California Division, Burbank, California 


with the 83rd Fighter-Interceptor Squadron, Air Defense Command, USAF, Hamilton AFB, California 
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matching a balanced circuit of nearly the same im 
pedance over a wide frequency range 


Antennas 


The Electroforming Process Used in the Fabri- 
cation of a Broadband Single Ridged Antenna 
Horn. Joseph Schramp. USAF RAD( 
57-155 | AD 131262], Oct., 1957. Tpp Descrip- 
tion of a process which proved the most suital 
in meeting the design requirements of the horn 


Pattern of a Flush-Mounted Microwave An- 
t nna. James R. Wait. J. Res., Oct., 1957 
59. 13 refs. Application of a harmon 
series representation to the analysis of the far 
zone radiation from an axial slot on acircular cylin 
der of infinite length 

Integral Equation for Currents in the Theory of 
Metal Antennas. A Gaponov and M. A 
Miller. Sov. Phys Tech. Phys., Oct., 1957, pp 
2,674-2,678. llrefs. Discussion concerning th 
error in the use of the integral equation method in 
antenna theories when the field created by mag 
netic currents is neglected 

Radiation from Slots on Dielectric-Ciad and 
Corrugated Cylinders. James R. Wait and 
Alyce M. Conda. J. Res., Nov., 1957, pp. 307 
316. Derivation of an approximate formula for 
the radiation pattern of an axially slotted cylinder 
with a thin dielectric coating. Using a similar 
method, the pattern function for a slot on a cor 
rugated cylinder is derived 

An Experimental Wide Band Parabolic Aerial 
for the 2,000 Mc/s Band. N. Ganapathy and 
g Marconi Rev., 4th Quarter 
1957, pp. Description of a 10-ft. d 
ameter parabolic dish aerial suitable for 30 per 
cent bandwidth at 2,000 mc./sec., and discussion 
of design considerations for the primary feed and 
the associated waveguide feeder 

Rhombic Aerials; Design Charts for High 
Frequencies. F. J. Norman and J. F. Ward 
Electronic & Radio Engr., Nov., 1957, pp. 398 
103. 11 refs. Derivation of a method where! 
a set of charts of open scale give the aerial param 
eters for high-frequency operation. The ang! 
of fire and the gain with respect to a dipole in free 
space are displayed for an adequate rang f 
aerial side lengths and included angles 


Circuits & Components 


Stacked Valve Circuits. J. B. Earnshaw 
Electronic & Radio Engr., Nov., 1957, pp. 404 
106. Analysis of a circuit common to all stacked 
valve (tube) arrangements, and the results f 
specific circuits appear as simplifications of the 
general equations. The stacked valve circuits 
are defined as arrangements where the valves ar 


connected in series across a common d.c. supply 
Control Circuit Design. N. B. Acred. Ek 
tronic Eng., Dec., 1957, pp. 586-590. Descrip 


tion of a diagram method for the simplification 
Boolean algebraic expressions The control cir 
cuit design is simplified by the introduction of th 
time sequence concept 

Design of Capacitive Divider Coupling Circuits 
Irving Dlugatch. Electronic Des., Dec. 15, 1957 
pp. 20, 21. Description of a streamlined tech 
nique for designing capacity-coupled rf stages 

Solving Missile Relay Problems. Marvin | 
Thomson. Mil. Electronics, Nov., 1957, pp. 2¢ 
28. Development of improved methods for eval 
uating relays to be used under extreme environ 
mental conditions. 

Miniaturizing Magcetometers. Martin |! 
Packard. Mil. Electronics, Nov., 1957, pp. 22 
24. Development of equipment for measuring 
the earth’s magnetic field, small enough to be car 
ried in satellite vehicles. 

The Frequency-Lock A.F.C. Circuit as a Means 
of Tracking Signals of Changing Frequency in 
Conditions of Low Signal/Noise Ratio. R. Leek 
Ud Paper 2411 R.) IEE Proc., Pt. B, Nov 
1957, pp. 587-597. 12 refs. Qualitative discus 
sion of the noise-free operation of the loops, fol 
lowed by a theoretical analysis. Practical results 
are in agreement with the theory 


Transistor Circuits and Applications. A. G 
Milnes. (JEE Paper 2368 R.) IEE Proc., Pt. B 
Nov., 1957, pp. 565-580. 112 refs. Discussion 
of new concepts and trends in design, and descrip 
tion of improvements in transistor ratings. 

Dual-Purpose Circuitry Cuts Transceiver Size. 
Paul G. Wulfsberg and Charles H. Kirkpatrick 
Electronics, Dec. 1, 1957, pp. 134-138. Descrip 
tion of a 1,750-channel transceiver using 35 crys 
tals and 28 tubes for ground-to-air communica 
tions (225-400 mc.), which may be installed in 
fixed or mobile stations. Transmitter delivery 
amounts to 15 watts, and receiver sensitivity 
better than 5 yur 

Estimation Methods in the Theory of Non- 
Linear and Time-Variable Filters. R. Kulikow 
ski. “Acad. Pol. Sci. Bul., No. 4, 1957, pp. 243 
251. Method which allows the determination of 
the limits within which the solution is contained 
without the necessity of solving the set of equa 
tions describing the properties of the filters 

Unique Relay for Airborne Systems. Rudolf 
Steiner. Mil. Electronics, Dec., 1957, pp. 40, 41 
Design of a relay based on the simultaneously and 
jointly acting repulsion and attraction between 
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cores of ferrous material, arranged appropriately 
within an electromagnetic field 

Uniform Realisation of Operators by Means of 
Linear Elements. R. Kulikowski. Acad. Pol 
Sci. Bul., No. 4, 1957, pp. 253-260. Develop 
ment of operators for telecommunication equip 
ment, electronic computers, etc., including the 
ynthesis of transmission systems and of the ‘‘in- 
tegrating’’ circuits 

High Power oe Filters. 
Vogelman. US: RA DC T R57-148| AD 1312 
#8], Oct., 1957 “63 3 pp. Description of two de 
sign procedures and analysis of physical perform 
ance Includes consideration of  radar-to 
communication-interference problems 


Joseph H 


Communications 


Some Remarks on Statistical Methods in Com- 

munication Theory. J. Seidler. Acad. Pol. Sci 
No. 4, 1957, pp. 261-267 Mathematical 

investigation of the receiver function including 
some well-known definitions. 

Constant Amplitude Speech. ee 

SAF RADC TN 57-317 | AD 131270], Oct., 
1957 16 pp l3refs. De serintion of a constant 
amplitude speech generator, and presentation of 
test results which indicate that constant ampli 
tude speech is an excellent method of increasing 
voice intelligibility 

The Canadian JANET System. G. W. L 
Davis, S. J. Gladys, G. R. Lang, L. M. Luke, and 
M.k. Taylor. JRE Proc., Dec., 1957, pp. 1,666 
1,678 

Bandwidth Considerations ina JANET em. 

L. Campbell and C. O. Hines. JRE Proc 
Dec., 1957, pp. 1,658-1,660 


The Principles of JANET-—-A Meteor-Burst 
Communication System. P. A. Forsyth, E. L. 
Vogan, D. R. Hansen, and C. O. Hines. JRE 
Proc., Dec., 1957, pp. 1, 642-1,657 42 refs 
Survey of the propagation characteristics and de 

gn considerations of the JANET system—a long 
range communication system employing V.H.F 
radio signals which are forward-scattered by the 
onized trails of individual meteors 

Storage Capacity in Burst-Type Communica- 
tion Systems. L. Lorne Campbell. JRE Prox 
Dec., 1957, pp. 1,661—1,666 Derivation of the 
relationship between storage capacity and mean 
ate of transfer of information for a JANET type 
ystem 


An Investigation of Storage Capacity Required 
for a Meteor-Burst Communications System. 
Robert A. Rach IRE Proc Dec., 1957, pp 

707—-1,709 USAF-sponsored study of two 
main categories of storage devices which corre 
spond to the magnetic tape and magnetic core 

pe units currently in use on burst circuits 


On the Wavelength Dependence of the Infor- 
mation Capacity of Meteor-Burst Propagation. 
Von R. Eshleman. /RE Proc., Dec., 1957, pp. 

710-1,714 USAF-supported research 


Ferrell 


Directional Characteristics of Meteor Propaga- 
tion Derived from Radar Measurements. V. R 
Eshleman and R. F. Mlodnosky. JRE Prox 
Dec., 1957, pp. 1,715-1.723. 18 refs. USAF 

ipported investigation presenting the prelimi 
nary results of radar measurements applied to an 

ast-west and a north-south meteor propagation 
ath 


On the Influence of Meteor-Radiant Distri- 
butions in Meteor-Scatter Communication. M. 
Meeks and J. C. James. JRE Pro Dec., 
957, pp. 1,724-1,733. 13 refs. USAF-Navy 
pported study of the relative effectiveness of 
rious regions of the atmosphere in furnishing 
usable meteor trails made on the basis of several 
distributions of meteor radiants 
A Meteor-Burst System for Extended on 
VHF Communications. W. R. Vincent, R 
Wolfram, B. M. Sifford, W. E. Jaye, and A M 
Peterson. IRE Proc., Dec., 1957, pp. 1,693 
700. USAF-sponsored development of a low 
ower burst communication system utilizing the 
ntermittent propagation path provided by ion 
ed meteor trials. Details of the burst control 
chniques and storage devices used to handle the 
ntermittent information flow are discussed along 
th the overall system design 
Analysis of Oblique Path Meteor-Propagation 
Data from the Communication Viewpoint. W.R 
Vincent, R. T. Wolfram, B. M. Sifford, W. E 
J Peterson. JRE Proc., Dec., 


Jaye, and A. M 
97, pp. 1,701-1,707 USAF-sponsored study 


Quadruple-Diversity Tropospheric Scatter Sys- 
tems. William G. Long and R. Ray Weeks. ] RE 
ans., CS Ser., Dec., 1957, pp. 8-19 12 refs 
Discussion of a system employing tropospheric 
attered fields to achieve highly reliable circuits 
ut distances well beyond radio line-of-sight 
Intermittent Communications with a Fluctuat- 
ing Signal. G. Franklin Montgomery. JRE 
P Dec., 1957, pp. 1,678-1,684 USAF-sup 
rted discussion of intermittent transmission as 
method to control the effects of signal fading. 
rhe method is evaluated for Rayleigh-fading sig- 
nals, using binary frequency modulation and phase 
dulation 
The Utility of Meteor Bursts for Intermittent 
Radio Communication. G. F. Montgomery and 
G. R. Sugar. JRE Proc,, Dec., 1957, pp. 1,684- 
693. USAF-supported analysis of meteor 


bursts measured on the 49.8-mc. transmissions 
implies that useful intermittent communication 
can be achieved 


Construction Techniques 


Special Issue: Planning 7 Low-Cost Produc- 
tion. Electronic Des., Nov 1957, pp. 30-111 
Partial Contents sign Compatible 
with Production. Save Costs in Drafting Stand 
ardization Selecting Materials and Compo 
nents for Low-Cost Production Labor Savings 
with Printed Wiring. Sheet Metal Design 
Costs-Savings with Plastics. Packaging for 
Economy. Process Evaluation and Value Analy- 
sis Hand Assembly vs. Automatic Production 
Designs for Low-Cost Production 

The Economics of Component Parts Selection. 
E.F. Fuegel. Elec. Eng., Nov., 1957, pp. 958-962 
Discussion of engineering costs, rating of com 
ponent parts, customer losses, in addition to a 
formula for determining the cost of a part 


Effect of Elastic Racks on Vibration Mounting 
of Equipment. R. A. Di Taranto. J. Appl 
Mech., Dec., 1957, pp. 617-620. Analysis con 
sidering a simply supported uniform beam with a 
uniform mass distribution representing the elec- 
tronic equipment, mounted on two equal springs 
Rayleigh type solution method is usec 


Connecting Components for Telecommunica- 
tions Equipment. Corriez. (Onde Elec. 
1955, pp. 413-416.) Gt. Brit., MOS TIL/T 4669 
Sept., 1957. 6 pp. Consideration of the prob- 
lem of linking up various components or assem 
blies 

Electronic Reliability. G. G. Brown and R. J 
Dennis. Missiles & Rockets, Oct., 1957, pp. 172 
176. Discussion of the application of failure-rate 
curves and parameter-drift curves to the design, 
use of component screening, and ‘‘trade-off"” 
techniques 


Cooling 


Use of the Heat Exchanger in Cooling Airborne 
Electronic Equipment. Allan D. Kraus. Sperry 
Eng. Rev., Sept.-Oct., 1957, pp. 11-16 Descrip- 
tion of an air-to-air convective heat exchanger 
which regulates and controls the temperature both 
within and exterior to a package containing air 
borne electronic equipment 


Delay Lines 


Synthesis of Precision De- 
lay Line. E.S. Kuh 2 Proc., Dec., 1957, pp 
1 ,632-1,642 Pre cesaian of a design technique 
for precision time domain applications. The net 
work obtained is a tandem connection of a low 
pass ladder which provides the shape of time re 
sponse and an all-pass bridge structure which 
gives the desired time delay 


Dielectrics 


Research Progress in Dielectrics—1957. Alex 
E. Javitz. Ele Mig., Dec., 1957, pp. 94-103, 
326. Review of new materials and their proper 
ties, and discussion of the research on the mecha 
nism of electrical breakdown, as well as the physi- 
cal and chemical degradation of materials. 


Electronic Tubes 


Techniques for Application of Electron Tubesi in 
Military Equipment. Rex S. Whitlock. j 
WADC TR 55-1, Oct., 1955.) USAF 
TR 55-1 [AD 142061\, Oct., 1957. 513 pp. 
Discussion yo tube properties grouped ac- 
cording to ratings and circuit operation, tube prop 
erties in relation to circuit design, numerical 
data, and product distribution curves 

Metal Ceramic Tubes to Withstand 500 C and 
High Vibration. John H. Wyman and R. H. 
Kuhnapfel. Electronic Des., Dec. 15, 1957, pp 
24-27. Description of an approach to the prob 
lems encountered beyond the convecting gases of 
the earth's atmosphere. The glass envelope of a 
conventional tube is replaced with a metal ce- 
ramic envelope, using the envelope as the anode, 
and providing a suitable getter to replace the 
barium flash getter 

Understanding the New Microwave Tubes. 
I—-The Traveling Wave Amplifier. Acrovox 
Res. Worker, Aug.-Sept., 1957. 5 pp. Discus 
sion of the physical principles of a traveling wave 
amplifier 

Selection and Application of Travelling Wave 
Tubes.1I. N.Hansenand A. Nielsen. Electronic 
Des., Dec. 1, 1957, pp. 36-39. Discussion of the 
design of associated solenoids and power supplies 
and procedures for selecting the proper TWT 
operating performance 


Measurement & Testing 


An Apparatus for Measuring the Piezoresis- 
tivity of Semiconductors W. 
McKean, J. Res., Dec., 1957, pp. 427-430, 


Oscillators & Signal Generators 


LC-Oscillator 
Stability. 


Parameters and Frequency 
J. Groszkowski Acad. Pol. Sci. Bul., 
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No. 4, 1957, pp. 235-242. The investigation is 
carried out to define the frequency stability in re- 
lation to nonlinear factors for an oscillator with a 
negative resistance having a simple cubic charac- 
teristic, and for working conditions not far from 
the regeneration threshold. 


Radar 


MTI Uses Two-Persistence CRT. A.S. Luft- 
man. Mil. Electronics, Dec., 1957, pp. 25, 26. 
Discussion of a radar-history remote indicator that 
uses a storage tube memory to record all targets 
appearing on the radar and also target trails indi- 
cating the previous history of their actions. 


Semiconductors 


Metal Rectifiers and Semi-Conductors. The 
Engr., Oct. 18, 1957, pp. 570-572. Discussion of 
the use of copper-oxide, selenium, germanium, and 
silicon as rectifiers. 

The Elemental Semiconductors—Silicon and 
Germanium. II, III. J. Shields. Elec. Energy, 
Nov., Dec., 1957, pp. 477-482; 501-503. Discus- 
sion on the preparation and purity of crystals, 
and application of pn junctions to rectifiers and 
transistors. 

Thermal Turnover in Germanium P-N Junc- 
tions. A. W. Matz. (JEE Paper 2431 R.) IEE 
Proc., Pt. B, Nov., 1957, pp. 555-564. 32 refs. 
Experimental verification and semi-quantitative 
analysis, showing fairly good agreement with the 
theory. 


Telemetry 


A Thermocouple Subcarrier Oscillator for 
Telemetering Temperatures from Pilotless Air- 
craft. Clifford L. Fricke. U.S.. NACA TN 
4128, Dec., 1957. 5O0pp. Design using a double- 
bridge modulator in conjunction with a phase- 
shift oscillator; the thermocouple voltage is 
changed to alternating current and is used to shift 
the phase and hence to change the frequency of 
oscillation. 

Development and Evaluation of Telemetry in 
the Proficiency Measurement of All-Weather In- 
terceptor Pilots. John C. Townsend. USAF 
PTRC DRTN 57-118 [AD 134250], Sept., 1957. 
74 pp. Discussion of theory and equipment for a 
telemetry station used as a research tool for secur- 
ing in-flight E-4 radar fire-control system per- 
formance data on pilots.} 

Datarite: Break-Through in Direct Readout; 
Immediate Access to Oscillograph Data Now Pos- 
sible. CEC Recordings, Nov.-Dec., 1957, pp. 8, 
9. Description of a device that furnishes a com- 
pletely developed and dried oscillogram at speeds 
of 25 in./sec. 

Telemetering in Earth Satellites. Whitney 
Matthews. Elec. Eng., Nov., 1957, pp. 976-981. 
Description of a new instrumentation technique 
combining square hysteresis loop magnetic cores 
with switching transistors for use in a magnetic 
telemetry encoding system. 


Equipment 


Proving Reliability. Larry D. Smith. Elec- 
tronic Des., Dec. 1, 1957, pp. 20-23. Presenta- 
tion of a statistical approach for proving the 
reliability of a given equipment. 

Shock on Demand. R. C. Geiger. CEC Re- 
cordings, Nov.-Dec., 1957, pp. 3-5. Description 
of the Hyge Shock Tester used for testing missile 
systems and components to minimize the possi- 
bility of in-flight failures. 


Electric 


Weapons Systems Philosophy Dictates Aircraft 
Electric Systems. J. D. Miner. Westinghouse 
Engr., Nov., 1957, pp. 181-184. Discussion of 
environmental factors affecting the design of a 
parallel a.c. power circuit. 

Power Generation in Missiles. Flight, Nov. 
29, 1957, pp. 833, 834. Description of several 
types of high-frequency alternators and their con- 
trollers, 

AC Generators for Missiles and APUs. Paul 
Winter Franklin. Av. Age, Dec., 1957, pp. 56-61. 
ff. Discussion of design requirements for self- 
excited, regulated a.c. generators. 

Theory of Friction, Wear and Carbon Brush 
Adjuvants. W. L. McCubbin. Gt. Brit., RAE 
TN El.137, Mar., 1957. 32 pp. 23 refs. Ex- 
pressions for the coefficient of friction are deduced 
on the basis of a weld theory, and found to agree 
with experiment. High altitude carbon brush 
adjuvants (materials which help prevent rapid 
wear) are classified and criteria governing the 
= of adjuvent for copper-graphite systems are 
iven. 


Hydraulic & Pneumatic 


_ Optimizing Hydraulics for High-Temperature. 
George R. Keller. Western Av., Dec., 1957, pp. 
9-13. Discussion of the optimization of hydrau- 
lic Systems to fit the increasingly-high tempera- 
ture conditions under which aircraft and missiles 
are being operated 


Kearfott’s creative engineering and production experi- 
ence assures the precision and reliability of their inertial 
guidance systems for the successful performance of all 
airborne equipment 
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The Design and Operation of a Hydraulic 
Systems Functional Test Rig. J. M. Lewendon 
RAeS J., Dec., 1957, pp. 819-824 Description 
of a rig to develop and test the Canadair CP 107 
“Argus’’ hydraulic systems 

Pompes et Moteurs Hydrauliques 4 Grande 
Vitesse. C.R — (Congrés d’ Automat 
que, Paris, June 3-24, 1956.) Fusées, July 
1957, pp. 248-250 _ French Brief discussior 
of high-speed hydraulic equipment in aircraft 

Scoop Design Promises Breakthrough in Pump 
Performance. Victor DeBiasi. Av. Age, Dec 
1957, pp. 38, 39, 41-45 ff. Description of a 7-lb 
3,000-psi, 35,000-r.p.m. pump designed for 60 per 
cent efficiency at 500°F., and for handling both the 
corrosive liquids and the low lubricity liquids 

Ermeto Flareless Plumbing Fittings. I, II 
Maintenance Considerations for Ermeto Fittings. 
C. R. Davenport Lockheed Field Serv. Dig 
Nov.-Dec., 1957, pp. 3-14. Discussion of advan 
tages, installation, torque values, and parts iden 
tification. 


Flight Operating Problems 


Caution: Slippery Runways. Air Line Pil 
Dec., 1957, pp. 7-10. Study of different factors 
affecting the braking action, and presentation of 
an optimum landing technique 

Analysis of Operational Airline Data to Show 
the Effects of Airborne Weather Radar on the 
Gust Loads and Operating Practices of Twin- 
Engine Short-Haul Transport Airplanes. Martin 
R. Copp and Walter G. Walker. U.S., NACA 
TN 4129, Nov., 1957. 18 pp. 13 refs 

The Big Weatertics. Charles F. Glair, Jr 
Flying Safety, Oct., 1957, pp. 2-4 Investigation 
of the jet stream, including the Doppler ecuip 
ment for wind data recording, and navigational 
evasion technique. 


Fuels & Lubricants 


Organosilicon Compounds. II—The Cyclo- 
pentamethylenedialkylsilanes. Harold Rosen 
berg, Christ Tamborski, and Marvin D. Rausch 
USAF WADC TR 54-613 [AD 130761\, May 
1957. 15 pp. 10 refs. Correlation of various 
physical properties of certain types with molec 
ular structure in order to determine their appli 
cability as base materials for extreme-tempera 
ture lubricant and hydraulic fluid applications 


Some Decomposition Products of Normal Pro- 
pyl Nitrate. S.A. Greene and L. J. Gordon. Je! 
Propulsion, Dec., 1957, pp. 1,261, 1,262. Pres 
entation of performance calculations based on 
equilibrium constants, as well as tables showing 
the calculated composition and the resultant flame 
temperatures. 


Gliders 


Gliding and Soaring. P. A. Menon. India 
AF Quart., Jan.-Mar., 1957, pp. 46-56. Discus 
sion of the history of gliding and a review of some 
of its flying techniques. 


Ice Formation & Prevention 


Icing Measurements with a Single Rotating 
Cylinder. C. K. Rush and Wardlaw 
Canada, NAE LR 206, Sept., 18 pp 
Method for calculating the rate of i icing and cloud 
water content from the ice accretion on a single 
rotating cylinder. The effects of catch efficiency 
and blow-off are discussed 


Experimental Droplet Impingement on Four 
Bodies of Revolution. James P. Lewis and Rob 
ert S. Ruggeri. U.S... NACA TN 4092, Dec 
1957. 61 pp. 11 refs. Determination of the 
rate and area of cloud droplet impingement using 
a dye-tracer technique. Data are obtained at an 
airspeed of 157 knots and calculated by dimen 
sionless impingement parameters 


Study of the Application of an Electrolytic Tank 
to 3-Dimensional Asymmetrical Bodies (As 
to Aircraft Icing). W. L. Torgeson 
A. F. Kitchar, and B. F. Hill. USAF WA D¢ 
TR 55-354, Mar., 1956. 37 pp. 23 refs. Dis 
cussion of methods for simulating subcritical 
compressible flows and for calculating water drop 
let trajectories with an electronic analog com 
puter. 


Instruments 


Theory of Oscillation Type Viscometers: The 
Oscillating Cup. I, II. Joseph Kestin, Gordon 
Frank Newell, and David Alan Beckwith. ZA 
MP, Nov. 25, 1957, pp. 433-465. OSR-sup 
ported derivation of formulas which relate density 
and viscosity of the fluid to the frequency and 
logarithmic decrement of the oscillation and to 
various physical properties of the suspension 
system. 

A Precision Oscillograph with a Spot Diameter 
of a Few Microns. M. von Ardepne.. (Nachri 
tentechnik, No. 11, 1955, pp. 481-489.) Gt. Brit 
MOS TIL/T 4689, Sept., 1957. 20 pp. 17 refs 

The Presentation of Information by Aircraft 
Instruments. A. Stratton. Anglo-Am. Aero 
Conf., 6th, Folkestone, Sept. 9-12, 1957, Paper 
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45 pp. ll refs. Research, development, and eval- 
uation of the oe for fixed-wing aircraft con- 
ucted by the RA 


Wide-Range ae Convection Manometer. 
Juan A. McMillan and Tomas Buch. Rev. Sci 
str., Nov., 1957, pp. 881, 882. Description of 
21e device based on the principle of thermal con 
juctivity at low pressures and on convection at 
gher pressures Experimental results show a 
maximum sensitivity in the range of 0.5-5 torr. 


Automatic Control 


A New Electro-Hydraulic High-Speed Servo- 
mechanism. Charles H. Willard and Clarence 
4. Stemmer. Auto. Control, Nov., 1957, pp. 14 

Development of the device and its applica 
on to the tuning of a modified magnetron to pro 
juce fast sweep functions 


Flow Measuring Devices 


A Multi-Hole Orifice Plate for Airflow Meas- 
urement and its Calibration by Traversing a 
Nozzle. Appendix I, II—Method of Calculation 
for the Nozzle. N. A. Dimmock and R. Parker 
Gt. Brit., NGTE Memo. M.306, Sept., 1957. 21 
pp Development of a device for a compressor 
est rig, based on a cubic equation 


Gyroscopes 


Thermal Drift of Floated Gyroscopes. 
anand A.R ASME Summer 
ference, Berkeley, Calif., pe 13-15, Paper 
{PM-31.) Appl. Dec., 1957, pp 
906, 507 Investigation of the device subjected 
a nonsymmetrical temperature distribution 
out a plane parallel to the gravitational force. 
It is shown that moderate gimbal eccentricity has 
little influence on thermal drift. 


Recording Devices 


Recording Media, Techniques and Devices. I. 
Will Gersch. Auto. Control, Dec., 1957, pp. 10-16 
Discussion of recording techniques providing in- 
formation in a latent form 

Magnetic Tape Recording for Computer Use. 
Edward G. Wildanger. Auto. Control, Dec., 
1957, pp. 36-40 Discussion of magnetic-tape 
equipment in terms of reliability, dependability, 
high performance, ease of operation, and low main- 
tenance requirements. 


Stress & Strain Measuring Devices 


Rotation Viscometer Directly Measuring the 
Ratio of the Shearing Stress to the Rate of Shear. 
H. Eisenberg Rev. Sci. Insir., Nov., 1957, pp. 
/27-929. 10 refs. Demonstration of the new 
measurement principle consisting in direct deter- 
mination of the ratio S/G—i.e., of the viscosity in 
Newtonian systems and of the apparent viscosity 
in non-Newtonian systems. 

"The Behaviour of Some Bakelite-Based 
Gauges at Temperat'res uv to 250°C. R. 

Maslen. Gt. Brit., RAE TN Instin.160, 
1957. 17 pp. 


Temperature Measuring Devices 


Method for Determining Thermal Conductivity 
at High Temperatures. C. L. Longmire. Rep. 
S Instr., Nov., 1957, pp. 904-906 Description 

f the method bas: ed on the principle of tempera 
ture measurement at the center of the faces of a 
ctangular, electrically heated rod. Surface 
mperatures must be known, and temperature 
fferences (faces) are related to the thermal con 
luctivity 


Laws & Regulations 


When is an Aircraft a Nuisance in the Eyes of 
the Law? A. R. Paterson CAI-IAS Joint 
feetin Montreal, Oct. 21, 22, 1957, Prebrint 
Can. Aero. J., Dec., 1957, pp. 336-340 
Condition Juridique des Fusées et Engins 
Tél éguidés. Aldo-Armando Cocca Conerés 
ul. Fusées & Engins-Guidé 
1956.) Fusées, July, 1957, pp. 245-24 In 
nch Discussion of the statute of rockets and 
es from the legal point of view 


Machine Elements 


Bearings 


meqeoret Focuses on Gas Bearings. Nicholas 
Chironis. Prod. En Nov. 25, 1957, pp. 100 
)2 Discussion of research objectives along 
some advantages and limitations of a pro 
n sponsored by eleven government agencies 
How to Design Hydrodynamic Gas Bearings. 
S. Ausman and M. Wildmann Prod. Eng., 
Nov. 25, 1957, pp. 103-106. Presentation of de- 
sign charts and formulas 
The lmpact of Bearing Clearances on Shaft 
Stability. J. Morris Aircraft Eng., Dec., 1957, 
PI 382, 383. Analysis showing that the clear- 
ances between the journals of a shaft and the 


bearings may give rise to an unbalance, and that 
unless this is corrected by a counter unbalance in 
the shaft or loads carried by it, steady motion is 
impossible in certain ranges of speed. 

Ground Rules for Determining or Comparing 
Bearing Capacity Ratings. Leo Fiderer. Mach, 
Des., Dec., 1957, pp. 133-142. Discussion of pro- 
gramming. assignment, confirmation, correction, 
and cost in routine engineering problems. 


Seals 


Evaluation of Designs and Materials for High 
Speed-High Temperature Shaft Seals for Turbo- 
jet Engine Applications. Ernest J. Taschenberg. 
USAF WADC TR 56-267 [AD 110636], May 
15, 1956. 66 pp ll refs. Investigation of a 
large number of materials to determine those with 
promising wear characteristics both at room tem- 
perature and at high temperature. 


Maintenance 


Maintenance of Airline Engines. I—Piston 
Engine Overhaul. II-—Change Over to Turbines, 
Mech. Eng., Dec., 1957, pp 1,123-—1,126. 
Abridged. 

Investigation of the Applicability of High Fre- 
quency Sound Waves (Ultrasonics) for Cleaning 
of Precision Parts. Oskar E. Mattiat and Pas- 
call P. Zapponi. USAF WADC TR 56-380 
[AD 130820|, June, 1957. 66 pp. Determina- 
tion of the effects of ultrasonic factors, frequency, 
intensity, pulse power, coupling fluid, and con- 
tainer for holding the parts, upon the rate of re- 
moval of field and synthetic soils from parts with 
small openings 


Materials 


Ceramics & Ceramals 


Predicting the Thermodynamic Stabilities and 
Oxidation Resistances of Silicide Cermets, 
Alan W. Searcy. Am. Cer. Soc. J., Dec., 1957, 
pp. 431-435 17 refs 

Titanium Carbide. J. C. Redmond. Product 
Eng., Nov. 11, 1957, pp. 84-86. Discussion of 
mechanical properties, and presentation of design 
tips which can be applied to a turbine rotor. 

Alumina-Base Cermets. John W. Lindenthal, 
James G. Stradley, and Thomas S. Shevlin. 
USAF WADC TR 54-173, Pt. IV [AD 130849], 
May, 1957. 14 pp. Investigation of high tem- 
perature and high stress characteristics, based on 
oxide wetting studies 


Corrosion & Protective Coatings 


The Testing of Aircraft Paint Finishes. Doug- 
las Serv., Nov.-Dec., 1957, pp. 1-14. Develop- 
ment of a new Skydrol resistant primer, including 
typical test procedures used by Douglas for its 
evaluation. 


Metals & Alloys 


New Developments in Powder Metallur 5 
the Field of High Temperature Resistant 
terials. R. Meyer. (Métaux, France, 1956, od 
219-232.) Gt. Brit., MOS TIL/T 4766, Sept., 
1957. 18 pp. 33 refs. Discussion of possibili- 
ties of using cermets in aircraft propulsion engines. 

Watch out for Compression Loads. Prod 
Eng., Dec. 9, 1957, pp. 72-75. Presentation of 
data on the effects of coldworking, temperature 
effects, sheet properties vs. bar properties, and 
methods of compression testing 

Metallic Material Engineering and Manufac- 
turing Aspects of New High-Speed Aircraft. 
E. A. Simkovich ASME Semi-Annual Meet- 
ing, San Francisco, June 9-13, 1957.) Steel 
Processing & Conversion, Dec., 1957, pp. 686-690 
703, 705. Applications of titanium, die steels 
(H-11 class), and high heat-treat steels to airframe 
construction 

Metals for Space Travel. F. L. _LaQue. Steel 
Processing & Conversion, Dec., 1957, pp. 691-694, 
709, 710. Discussion of design problems and of 
some materials to meet these problems. 

Materials and Processes for the Hot Airplane. 
H. B. Sipple and G. G. Wald. (ASME Semi- 
Annual Meeting, San Francisco, June 9-13, 1957.) 
Steel Processing & Conversion, Dec., 1957, pp. 
679-685. Review of aircraft temperature re- 
quirements; studies of characteristics of available 
and promising new structural materials; and 
temperature limitations for some critical non 
metallic materials 

Beating the Heat. Alfred F Hotetatins 
Ryan Reporter, No. 5, 1957, pp.. 20, 21, 26-28 
Application of protective coatings, both etal 
and ceramic, to offer protection against heat and 
corrosion 

I—Effect of Overheating on Creep-Rupture 
Properties of S-816 Alloy at 1,500°F. II—Effect 
of Overheating on Creep- Rupture Properties of 
HS-31 Alloy at 1,500°F. John P. Rowe and JV 
Freeman. U.S., NACA TN 4081; TN 4083, 
Dec., 1957. 75: 78 pp Presentation of test 
results indicating that overheating reduces rup- 
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White areas show extensive use of magnesium, (see details below). 


HOW ELEVATED-TEMPERATURE MAGNESIUM ALLOYS 
HELP BOMARC KEEP FIGHTING WEIGHT 


Approximately 230 lbs. of magnesium is used in the airframe 
of the Bomarc, powerful surface-to-air missile. And for good 
reason: In each case, the specific application called for light 
weight and retention of strength, rigidity and other properties 
at elevated temperatures. The logical choice was sheet, extru- 
sions or castings of elevated-temperature magnesium alloys. 
EXAMPLES: 


Body. The body skin and doors of both nose and aft sections 
utilize 103 lbs. of HK31A sheet and castings. Resultant 
weight savings were 23 lIbs., including a net reduction of 6 
lbs. by using a magnesium casting for a door frame structure. 


WING, FIN AND TAIL. 111 Ibs. of HK31A sheet were used in the 
wing, elevators and elevator stubs, fin and rudder: All lead- 
ing and trailing edges of control surfaces for wings and fin 
are HM31XA extrusions. Here another 8 lbs. were saved by 
using an elevated-temperature magnesium alloy. 


These are but a few instances of how precious weight was 
saved in the Bomarc. For more information about the use 
of magnesium alloys in aircraft, rockets and missiles, contact 
the nearest Dow sales office or write directly to us. THE DOW 


CHEMICAL COMPANY, Midland, Michigan, Department MA 
1407G. 


YOU CAN DEPEND ON 
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KATO cra 


-MOTOR GENERATOR SETS 
Now up to 250K W 


60 CYCLE 400 CYCLE 
INPUT OUTPUT 


2 


CHANGE 60 CYCLE A.C. T0 400 CYCLE 


4 Speeds—1200, 1714, 2000, 3430 RPM 
KATO MOTOR GENERATOR SETS are now available in frequen- 
cies, speeds and sizes to meet every specialized use. . .lighting, 
operation of high cycle tools, smaller light weight 400 cps motors 
and for testing components such as transfers, filters, condensers, 
chokes and other electronic equipment. Finest quality materials 
and workmanship. 


VARIABLE OR FIXED FREQUENCIES 
RANGING FROM 25 TO 1200 CYCLES 
60 CYCLE LINE TO 500 KVA 
Push Button adjustment Model 45EPOT. 
Frequency adjustment is continuous from 
320 to 480 cps. Once adjusted, accurate 
speed is maintained. 


Generator mounted controls include 
reset buttons, limit switch. Motor 
and Generator remain stationary. 
Variable drive pulley adjustment 
controlled by small! motor. 


CONTROL PANELS 


Synchronous motor starter and genera- 
tor controls including magnetic amplifier 
voltage regulator in cabinet. 


REMOTE CONTROL 
Remote control frequency adjustment 
varies speed from 1080 to 1320 rpm, 
thus varying frequency. Bench mock-up 
test stations may be located anywhere. 


MANUAL ADJUSTMENT 


Variable Frequency 
Motor Generator Sets 


This motor generator set is con- 
tinuously adjustable, permitting 
the often desired frequencies of 
36, 40, 50, 60 and 70 cps. 
Single or 3 phase AC motors or 
DC drive motors available. 


Write Today 
For Free Folder 
IT’S NEW! 


BUILDERS OF FINE ROTATING ELECTRICAL MACHINERY SINCE 1928 


1492 First Avenue, Mankato, Minnesota 
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the sky is your only limit 
when you are a 


TWA engineer 
apply now! 


Yes, now is the time to apply for a position in 
the nation’s fastest growing industry with the na- 
tion’s finest airline . . . Trans World Airlines. 


TWA has openings for Aeronautical, Mechanical 
and Electrical Engineers to work with a small, select 
group of engineering associates. At TWA you will 
have a management position . . . an opportunity to 
grow .. . to advance within the company .. . to 
build a future where only the sky’s the limit. 


QUALIFICATION: B.S. in Engineering 


LOCATION: Ultra modern Mid-Continent Airport 
at Kansas City, Mo. 


LIVING CONDITIONS: Excellent, 


both city or 
suburban... 


homes or apartments. 


BENEFITS: Many employee benefits, including 
retirement, and liberal free transportation for 
yourself and family each year. 


SALARY: Commensurate with experience, and 
position. 


AF YOU ARE AN ENGINEER WITH QUALIFICATIONS IN ANY OF THE FIELDS LISTED 


WRITE TWA TODAY 


ADDRESS: Mr. John C. Soltys 
Supervisor Engineering Employment 
TRANS WORLD AIRLINES 

10 Richards Road, Kansas City 5, Missouri 
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ture life both through alteration of the internal 
structure of the alloy and, if stress is present dur- 
ing the overheat, by accelerated creep at the 
higher temperature. 


Abnormal Grain Growth in Nickel-Base Heat- 
Resistant Alloys. R. F. Decker, A. I. Rush, A. 
G. Dano, and J. W. Freeman. U.S., NACA TN 
4082, Dec., 1957, 70 pp. Presentation of test 
results which indicate that small reductions in es- 
sentially strain-free metal are the basic cause of 
abnormal grain growth. 

The Tensile and Fatigue Properties of Nimonic 
g0A (Extruded) and Nimonic 95 at Elevated 
Temperatures. B. F. Billing and M. S. Binning 
Gt. Brit., RAE TN Met.269, July, 1957. 28 pp. 
Tests performed in Haigh type direct stress ma- 
chines at both zero and various tensile values of 
mean load. 

Abnormal Grain Growth in M-252 and S-816 
Alloys. R. F. Decker, A. I. Rush, A. G. Dano, 
and J. W. Freeman. U.S., NACA TN 4084, 
Nov., 1957. 61 pp. Results of an experimental 
investigation under mainly normal conditions in- 
dicate that small reductions of essentially strain- 
free metals are the basic cause of grain growth. 


High Temperature and Future Flight. Freder- 
ick L. Bagby, Jr. (Astronautics, Sept., 1957, 
pp. 46-51.) Battelle Tech. Rev., Nov., 1957, pp. 
9-13. 


Supersonic Steel. Bruce Mitchell. Ryan 
Reporter, No. 5, 1957, pp. 9-11, 32, 33. (Also in 
SAE J., Dec., 1957, pp. 56-58.) Development of 
corrugated thin steel structures and related de- 
sign methods for withstanding temperatures up 
to 750°F. 

Impact Properties of Slack-Quenched Alloy 
Steels. Melvin R. Meyerson and Samuel J. 
Rosenberg. J. Res., Oct., 1957, pp. 273-288 
Study of 81 xx type steels, with and without boron, 
to evaluate the effect of slack quenching on im- 
pact properties. 

Hydrogen, Crack Initiation, and Delayed Fail- 
ure in Stee). H.H. Johnson, J. G. Morlet, and 
A. R. Troiano. USAF WADC TR _ 57-262 
[AD 118252], May, 1957. 44 pp. 19refs. Test 
results showing that crack initiation and propaga- 
tion are controlled by an interaction between hy- 
drogen concentration and the triaxial stress state. 


Metals & Alloys, Nonferrous 


The Behaviour of Cold-Worked Copper in 
Fatigue. D.S. Kemsley. Australia, ARL Rep. 
Met.23, July, 1957. 20 pp. 24 refs. Investiga- 
tion on specimens of annealed and cold-worked 
copper, prepared from the same batch of material, 
and tested to fracture under high and low stresses. 
The specimens are examined by X-ray diffraction, 
optical and electron microscopy, and are subjected 
to hardness tests. 


The Behaviour of Fractured Copper Fatigue 
Specimens on Annealing. D.S. Kensley. Aus- 
tralia, ARL Rep. Met.22, July, 1957. 15 pp. 
15 refs. Investigation of the reported failure of 
repeated annealing during interrupted low-stress 
fatigue tests on copper, also to emphasize the 
difference between the modes of deformation oc- 
curring under low and high cyclic stresses. 


Further Observations on the Ductility of Chro- 
mium. H. L. Wain, F. Henderson, S. T. M. 
Johnstone, and N. Louat. Australia, ARL Rep. 
Met.21, May, 1957, 35 pp. 27 refs. Presenta- 
tion of additional evidence for Cottrell-locking in 
chromium, particularly that relating to the tem- 
perature-dependence of yield stress and brittle 
fracture stress. 


A Survey of the Literature on Rhenium. C. 
T. Sims, E. N. Wyler, G. B. Gaines, and D. M. 
Rosenbaum. USAF WADC TR 56-319 [AD 
110596], June, 1956. 224 pp. 640 refs. Study 
includes all available data covering history, oc- 
currence, recovery, and production; and the 
physical, chemical, electronic, and metallurgical 
properties of rhenium. 

New Aluminum Forging Alloy. Warren Bom- 
hardt. Prod. Eng., Dec., 23, 1957, pp. 62, 63. 
Presentation of mechanical properties of 7079 
alloy, and a discussion of its advantages and limi 
tations. 


Viscous Creep of Aluminum Near its Melting 
Temperature. J. Harper and J. E. Dorn. Acta 
Metallurgica, Nov., 1957, pp. 654-665. 30 refs. 
Analysis of the low stress results in the range of 
“viscous’’ creep from the viewpoint of the Na- 
barro-Herring model for stress directed self-diffu- 
sion of vacancies. 


The Effect of Pickling and Anodising on the 
Fatigue Properties of 2L40 and D. T. D. 683 Alu- 
minium Alloys. Appendix I—Pickling and Anodis- 
ing Processes. Appendix 1I—Chord Sectioning 
Technique. Appendix IlI—Effect of Pickling on 
Surface Profile. J.M.Finney. Australia, ARL 
Rep. SM. 255, July, 1957. 34 pp. 14 refs. 


The Mechanical Properties of RR58 Aluminium 
Alloy Sheet (Clad) in Tension and Compression at 
Room and Elevated Temperatures. D. C. Hay- 
ward. Gt. Brit, RAE TN Met. 261, Apr., 1957. 
33 pp. 

Titanium. John L. Everhart. Materials in 

es. Eng., Oct., 1957, pp. 149-168. 22 refs. 
Discussion of alloys including composition and 
Properties, available engineering forms, working 
characteristics, and current applications. 


INFINITE 
RESOLUTION SPIRALPOT® 


IMMEDIATE DELIVERY 


+ 0.1% Linearity 10 TURNS 
1,000 OHMS 


INFINITE RESOLUTION 
THROUGH TRUE “‘STEPLESS” 
SLIDE WIRE ACTION 


Quantity production now makes the popular 10 turn 1000 ohm 
Model 85175 Spiralpot available for immediate delivery. 


Designed to eliminate hunting in sensitive servo systems, 
the Spiralpot finds many applications where infinite reso- 
lution and precise linearity are required. Only 1.5 inches 
in length and 1.5 inches in diameter, this rugged instru- 
ment mounts identical to wire-wound types and can be 
used as a direct replacement in many cases. Low induct- 
ance and capacitance effects make it ideal for AC as well 
as DC applications. 

Standard 85175 Spiralpots are available in three or ten 
turn models with resistance ranges from 50 to 250 ohms 
per turn. For special applications, the unit can be supplied 
with resistance ranges as low as two ohms per turn and 
linearity to +0.05% . Other Spiralpot models are available 
with synchro mounting, in resistance ranges to 625 ohms 
per turn, and for use at elevated temperatures. 

For complete information on these versatile infinite reso- 
lution potentiometers, write for Spiralpot Bulletins. 


NEW JERSEY DIVISION 


G.M. GIANNINI & CO.,INC. e PASADENA, CALIFORNIA 
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High Temperature Brittleness in Titanium 
Alloys. Nick Makrides and W. M. Baldwin, Jr 
USAF WADC TR 57-251, Pt. I[AD 130847 
June, 1957. 23 pp 19 refs. Investigation of 
alpha-alloys and alpha-beta alloys containing 
dividually oxygen, carbon, and nitrogen impur 
ties, in order to explore strain aging phenomena 
high temperature brittleness, and stress-ruptur 
behavior of titanium alloys 
Le Comportement a Chaud du Titane et de ses 
Alliages. R.Syre. (Congrés Internail. Fusées & 
Engins-Guidés, Paris, Dec. 3-8, 1956.) fF 
July, 1957, pp. 229-235. In French. Anz ily sis 
of thermal behavior of titanium and its alloys 
Nine Years of Titanium Usage. Leo Schapiro 
and Emerson Labombard. Anglo-Am 
Conf., 6th, Folkestone, Sept. 9-12, 1957, Pa 
24 pp. Discussion and illustration of procure 
ment and manufacturing problems, as well as 
applications in the supersonic research X3 aircraft 
the civilian DC-7 transport, and the turbojet DC 
8 transport. 


Nonmetallic Materials 


The Use of Non-Metallic Materials at High 
Temperatures. W. J. Strang. Anglo-Am. A 
Conf., 6th, Folkestone, Sept. 9-12, 1957, Pape 

pp. Definition of nonmetallic elements, and d 
tailed description of some applications 


Analysis of Fluorinated Organo-Metallics. 
I—Determination of Fluorine and Silicon in 
Organic Fluoro-Silicon Compounds. Otto 
Schwarzkopf and Rosemarie Heinlein. USA/ 
WADC TR 56-19, Pt. I [AD 130855], Jun 
1957. 19 pp. 13 refs 

The Tropical Durability of Metal Adhesives 
(Interim Note). A. Baker and M. G. D. Hock 
ney. Gt. Brit., RAE TN Chem.1304, Mar., 1957 
13 pp. Results of three-year tropical tests which 
show that Araldite type 1 joints are appreciably 
weakened by the tropical climate, but Redux 
joints show no deterioration. 

Glass Reinforcement for Structural Plastics 
R. G. Adams and Ralph Sonneborn. SPE . 
Dec., 1957, pp. 25-27, 79. Discussion of the dif 
ferent types of glass fiber weaves available f{ 
plastic reinforcement 

The Flexural Strength of Asbestos-Resia 
Laminates at Elevated Temperatures. M. M 
Cornford. Gt. Brit., RAE TN Chem.1308, Jun 
1957. 10 pp Comparison showing that two « 
the felts have heat resistance superior to that of 
the standard material. 

Investigation of the Effects of Glass Fabric 
Geometry on the Strength Properties of Low Pres- 
sure Glass Fabric Base Structural Laminates 


W. R vee and E. L. Johnson. USA 
WADC TR 56-270 |AD 118324|, May, 1957 
71 pp 


Les Utilisations des Matiéres Plastiques Ren- 
forcées au Verre Textile dans l’Aviation, les 
Engins et les Fusées. J. Duflos. (Congrés | 
ternatl. Fusées & Engins-Guidés, Paris, Dec. 3 
1956.) Fusées, July, 1957, pp. 237-240. I: 
French. Discussion of the application of rein 
forced plastics to aircraft, missiles, and rockets 

On the Dynamic Mechanical Properties of 
Polyethylene and Polytetrafluorethylene. S. P 
Kabin. Sov. Phys. - Tech. Phys., Oct., 1957, pp 
2,542-2,546. 15 refs. Study of the tempera 
ture dependence at various frequencies of the dy 
namic mechanical characteristics of two high poly 
mers 

A Study of the Effects of Nuclear Radiations on 
Elastomeric Compounds and Compounding Ma- 
terials. D. L. Loughborough, A. E. Juve, J. R 
Beatty, and J. W. Born. USAF WADC TR 
55-58, Pt. I, II [AD 97234; AD 97336), Aug 
Sept., 1956. 100; 78 pp. 42 refs. Test result 
are presented for 191 elastomeric compounds 
Stress-strain and stress relaxation measurements 
are made, and a special analysis is done on ir 
radiation products. The development of specific 
new “‘anti-rads’’ (radiation damage inhibitors 


outlined. 
New Rubber Beats Heat—High- Temperature 
Butyl. G.S. BuettnerandC.R. McGill. P» 


Eng., Nov. 11, 1957, pp. 90-91 Comparison of 
properties for a new elastomer with five other 
types in temperature ranges above 350°F 


Testing 


Deformation Studies in Metal Working Proc- 
esses. H. P. Tardif. Steel Processing & Co 
version, Nov., 1957, pp. 626-632, 643, 644, 650 
127 refs. Survey of available methods for study 
ing inhomogeneous deformation in commercial 
materials and processes. 


Temperature Control and Strain Measurement 
in Tensile Tests at High Rates of Heating and 
Loading. B. F. Billing and M. S. Binning. Gi 
Brit, RAE TN Met.263, May, 1957. 16 pp 
Description of the manual and automatic control 
equipment, including an extensometer, and of a 
procedure for strain measurement. 

Hardness and Other Physical Properties of 
Metals in Relation to Temperatuse. E.R. Petty 
Metallurgia, Nov., 1957, pp. 231-236. 38 refs 
Review of the current literature, and discussion of 
the mode of deformation in the equicohesive range 
which is used to explain the form of the hardness- 
temperature relationship for pure metals. 
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Mathematics 


On the Zeros of Bessel Functions of Pure Im- 
aginary Order. Enok Palm. Quart. J. Mech 
” Appl. Math., Nov., 1957, pp. 500-503. Proof 
that Bessel functions of pure imaginary order 
cannot have two zeros on a line parallel to the 
real axis 


Ordering and Uniqueness of Solutions ‘of 
Boundary Problems for Elliptic Equations. Carlo 
Pucci. U. Md. Inst. Fluid Dynamics & Appl 
Math. TN BN-112 (AFOSR TN 57-690) [AD 
136684), Oct., 1957. 13 pp. Investigation of the 
Dirichlet, Neuman, third, and mixed problems for 
second order elliptic partial differential equations 
Ordering and uniqueness theorems are obtained 
as consequences of the maximum-minimum prop- 
erties of the solutions on the set T, and are 
proved for the linear case 

Determination of the Optimum Response of 
Linear Systems (Zero Displacement Error Sys- 
tems). A. W. Babister. Quart. J. Mech. & 
Appl. Math., Nov., 1957, pp. 504-512 

Extensions of Representations of Lie Groups 


II. G. D. Mostow. Johns Hopkins U., Dept 
Math. (AFOSR TN 57-439) [AD 136429], Aug., 
1957. 27 pp. Investigation into the problem 


of extending a representation from a normal closed 
connected subgroup G to an analytic group L with 

> G. The main theorem provides a complete 
solution to the extension problem for closed nor- 
mal connected subgroups of analytic groups 


Measures on the Closed Subspaces of a Hilbert 
Space. Andrew M Gleason. J Math. & 
VWech., Nov., 1957, pp. 885-893. OOR-supported 
inv estigation showing that in a separable Hilbert 
space of dimension at least three, whether real or 
complex, every measure on the closed subspaces 
can be derived using frame functions 


Uniqueness and Representation Theorems for 
Solutions of Aux + 2x = O in Infinite Domains. 
W.L. Miranker. J. Math. & Mech., Nov., 1957, 
pp. 847-858 10 refs 

On Solutions of Nonlinear Wave Equations. 
J.B Keller Commun. on Pure & Appl. Math 
Nov., 1957, pp. 523-530. Analysis showing that 
for a certain class of functions f (u) the solution 
becomes infinite at a finite value of ¢, provided the 
nitial data satisfy appropriate conditions 


The Reduced Wave Equation in a Medium with 
a Variable Index of Refraction. W.L. Miranker 

ommun. on Pure & Appl. Math., Nov., 1957, pp 
191-502. OSR-supported 


A Method for Increasing the Efficiency of 
Monte Carlo Integration. J. H. Halton and D. 
C Handscomb Assoc. Comp. Mach. J., July, 
1957, pp. 329-340. Application of a technique 
s setae Hammersley and Morton to the prob- 
em of estimating by means of Monte Carlo 
methods the value of a definite integral and to de- 
velop a correlated stratified sampling technique 
whose efficiency generally exceeds that of crude 
sampling by a factor 3 

Maximizing Functions of Rotations; Experi- 
ments Concerning Speed of Diagonalization of 
Symmetric Matrices Using Jacobi’s Method. 
David A. Pope and C. Tompkins. Assoc. Comp 
Vach. J., Oct., 1957, pp. 459-466. ONR-OOR 
sponsored study 

Table of Coefficients for Obtaining the Second 


Derivative Without Differences. Herbert E. 
Salzer and Peggy T. Roberson Convatr-Astro- 
zutics, Paper, 1957. 25 pp 


Optimum Recurrence Formulas for a Fourth 
Order Parabolic Partial Differential Equation. 
Stephen H. Grandall Assoc. Comp. Mach. J., 
Oct., 1957, pp. 467-471 Application of recur- 
rence formulas to the equation of transition for a 

nite beam according to the Euler-Bernoulli 
theory 

Lipschitz Conditions for Harmonic and Discrete 
Harmonic Functions. J. L. Walsh and David 
Young Harvard U., Math. Div., Rep. (AFOSR 

NV 57-404) [AD 132482], July, 1957 21 pp 
Analysis to show that if a function u(x, y) is 

armonic in a square or rectangle, and if bound- 

ry values of the function are continuously as- 
imed and satisfy on the boundary a Lipschitz 
ndition of order a(0 < @ < 1), the function 
y) also satisfies a Lipschitz condition in a 
closed region. 

On a Conjecture of Montgomery. G. D. Mos- 

w. Johns Hopkins U., Dept. Math. (AFOSR 

V 57-157) [AD 126449,| June, 1957. 6 pp 
Presentation of a proof of Montgomery's con- 
ecture, making use of a result of E. E. Floyd. 
Montgomery states that if G is a compact Lie 
group and M is a compact manifold then there 
exist at most a finite number of inequivalent or- 

On Certain Meromorphic Functions of Bounded 
Valence. Maurice Heins. Brown U., Math. 
Div. Rep. (AFOSR TN 57-502) [AD 136492}, 
Nov., 1957. 9 pp. Consideration of the notion 
of valence in terms of Riemann surfaces 


Fractional Integrals on N-Dimensional Euclid- 
ean Spaces. E. M. Stein and Guido Weiss 
MIT Dept. Math. TR (AFOSR TN 57-689) 

4D 136718], Dec. 2, 1957. 21 pp. Generaliza- 
tion of the Hardy-Littlewood theorem, extended 
to n-dimensions by Soboleff and Thorin 

An Extension of a Theorem of Mandelbrojt. 
R. A. Kunze. MIT Dept. Math. TR ¢AFOSR 


TN 57-650) [AD 136710], Oct. 30, 1957. 9 pp. 


Improved version of the theorem, concerning 
Fourier transforms and analytic functions, ex- 
tended to n-dimensions. 

On the Interpolation of Analytic Families of 
Operators Acting on H” Spaces. E. M. Stein 
and Guido Weiss. MIT Dept. Math. TR (AP. 
OSR TN 57-692) |AD 136719], Dec. 2, 1957. 45 
pp. Extension of the Calderon-Zygmund the. 
orem to the case where the linear transformation 
is a function of ¢ 

On the Sheeted Structure of Compact Locally 
Affine spaces. Louis Auslander. U. Penn 
Math. Dept., (AFOSR TN 57-585) [AD 136573], 
1957. 10pp. Presentation of three theorems on 
locally affine spaces, in which the space M carries 
a complete affine connection with curvature and 
torsion tensors equal to zero. 


An Analysis of Carry Transmission in Computer 
Addition. Sullivan G. Campbell and Gordon H 
Rosser, Jr. Duke U., Dept. Math. (AFOSR TN 
57-707) [AD 13670/), Sept., 1957. 25 pp. Con. 
sideration of the basic difficulty in achieving fast 
addition, including four basic situations, and 
methods for facilitating carry transmission. 

The Suspension of the Generalized Pontrjagin 
Cohomology Operations. Emery Thomas. U. 
Calif. Dept. Math., TR 1 (AFOSR TN 57-658) 
[AD 135650], Oct., 1957. 25 pp. 

On Bateman’s Method for Solving Linear Inte- 
gral Equations. Gene Thomas Thompson 
Assoc. Comp. Mach. J., July, 1957, pp. 314-328. 
12 refs. Army-sponsored method for solving 
Fredholm equations of the second kind. 

Tshebysheff Approximations for Power Series, 
Robert C Minnick. Assoc. Comp. Mach. J.., 
Oct., 1957, pp. 487-504. Development of a third 
method, in addition to Lanczos’s and Hastings’s 
methods, for the application of Tshebysheff poly- 
nomials in reducing the number of terms in a 
power series without increasing the maximum ab- 
solute error within a given range. 

A Note on Some Integrals in Aerodynamics. 
D. E. Williams. Gi. Brit., ARC CP 364, 1957. 
10 pp. BIS, New York, $0.32 

The Theory of Nets. F. E. Hohn, S. Seshu, 
and D. D. Aufenkamp. JRE Trans., EC Ser 
Sept., 1957, pp. 154-161 28 refs. Presentation 
of the general concept of a weighted directed 
graph. Illustrative examples leading to the defi- 
nition of a net indicate its applicability to a wide 
variety of problems in communication and net- 
work theory 


Probability Theory and the First Bountery 
Value Problem. J. | Doob. U. Ill. Rep 
(AFOSR TN 57-627) [AD 110395], Oct. 31 
1957. 29pp. Discussion of the relativized prob- 
lem introduced by Brelot. Boundary limit prop- 
erties of extremal and minimal regular functions 
and a new characterization are obtained 

On Coefficient Problems of Solutions of Partial 
Differential Equations of the Fourth Order. 
Erwin Krevszig. J. Math. & Mech., Nov., 
1957, pp. 811-822 Investigation to find rela- 
tions between the different subsequences of the 
power series coefficients 

Some Formulas for the Products of E-Functions 
and Whittaker Functions. F. M. Ragab. NYU 
Inst. Math. Sci., Div. Electromagn. Res., Res. Rep 
BR-24 (AFOSR TN 57-582) [AD 136570], Sept., 
1957. 8S pp. Analysis showing a particular inte 
gral of a product of Whittaker functions, ex- 
pressed essentially in terms of another Whittaker 
function. Likewise a particular integral of a prod- 
uct of E functions is shown to be essentially 
an E function 

An Operator Identity. Glen Baxter. Minn. 
U. TN 3 (AFOSR TN 57-424), Aug. 1, 1957. 
24 pp. Solution of certain matrix equations and 
their application to problems in the theory of prob- 
ability where M is the transition probability 
matrix of a Markov chain Extension to certain 
operators M is carried through. 

Differential Operators with Perturbed Domains. 
C. A. Swanson. J. Math. & Mech., Nov., 1957, 
pp. 823-846. llrefs. Investigation of the spec- 
trum of a self-adjoint differential operator defined 
on a subinterval (a, 6) of the basic interval, where 
aisasmall positive number. Such an operator is 
called the perturbed operator. A perturbation 
procedure for estimating the difference between 
the characteristic values of the perturbed opera- 
tor and those of the basic operator is also pre- 
sented. 

Operational Calculus. III 
IV—Solution by Means of Series. 
Radio Engr., Nov Dec., 1957, pp 
162-464 


Initial Conditions. 
Electronic & 
422-424; 


Meteorology 


A Method for Investigating Compensating 
Downward Currents Around Developing Cumulus 
Clouds. N. I. Vul’fson AN SSSR Dokl., No. 
4, 1957; pp. 626, 627.) Gt Brit., MOS CDEE, 
Porton Transl. 201, Oct., 1957. 4 pp. Presenta- 
tion of a method analogous to the method of indi- 
cating ascending convection currents, by means of 
a low-lag, sensitive thermometer installed in the 
aircraft. 

Atmospheric 
100,000 
of the Northern Hemisphere. 
U.S., NACA TN 4169, Nov., 1957. 


Temperature Observations ‘0 


eet for Several Climatological Regions 
H. B. Tolefson. 
26 pp. 
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For control system applications... 


acceleration 


switching 


SPECIFICATIONS: 


Electrical input. 10 milli-amperes 
Operating pressure__200 to 4000 psi 


Rated flow .12 to 15 gpm 


New AiResearch Time Dwell 
Servo Valve overcomes performance and reliability 


limitations of present hydraulic control systems 


Acceleration switching is a new control technique ¢ Less than 5% null shift between —20°F 
which provides for positive control of spool velocity, and +700°F 

allowing the servo system engineer to achieve resolu- —¢ Infinite resolution 

tion, reliability and response previously unattainable. ¢ High spool control forces (= 100 pounds) 
Significant advantages include: at all signal levels 

¢ Unimpaired operation in contaminated oil ¢ High pressure gain (10 times linear valve) 


ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 


Cele 
AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 


March, 1958 / 109 
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Some Kinematic Aspects of Frontal Zones. The Collision Efficiency of Cloud Drops of 


Clarence E. Palmer. J. Meteorology, Oct., 1957 Equal Size. R. M. Schotland. J. Meteorology, 
pp. 403-409. USAF-supported application of a Oct., 1957, pp. 381-385. USAF-sponsored in- 
technique of wind analysis, developed by Sand vestigation by modeling techniques of the colli- 
strom and Bjerknes, to supplement the standard sion between cloud drops of equal size in the diam- 
isobaric and frontal analysis of surface weather eter range from 11 to 22 microns 
maps Numerical Forecasting. U. R. Acharya. 
Hemispherical Prediction by Statistical Tech- Indian AF Quart., Jan.-Mar., 1957, pp. 57-65. 
niques. Robert M. White, Royce C. Derby, Duane Discussion of principles and techniques for using 
S. Cooley, and Florence A. Seaver. J. Met mathematical equations to predict weather 


ogy, Oct., 1957, pp. 448-457. Development of a 
statistical procedure suitable for forecasting th 


ht one 
ee midtropospheric contour height Military Aviation & Armament 
On the Equilibrium of a Stratified Layer of The Technique oann ie Tactical Employment of 
Fluid. Appendix—A Comparison of the Rate of Guided Missile N Thomas. Indian AF 
Growth of the Disturbances and the Rate of De- Quart., Jan.- Mar.. 1957, pp. 23-45. Description 
cay of the Temperature Profile. B. R. Morton of propulsion, guidance, and warheads for a mis- 
Quart. J. Mech. & Appl. Math., Nov., 1957, pp sile, along with a description of missile employ- 
433-447. 10 refs. Analysis demonstrating the ment and a brief history of their development 
equal importance of viscosity and thermal conduc Aircraft Detection Systems. K.M. Mack and 
tivity (or any equivalent process of diffusion) in & _E McClellan. Westinghouse Engr., Nov., 
determining the departure from equilibrium of 1957, pp. 173-177. Discussion of the types of 
continuously stratified layers of fluid detectione systems, some special considerations 
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Hydraulic 
pump motor. 


Aircraft pressurizing 
pump motor. 


WINNING HORSEPOWER 
for your motor-driven product 


With a Lamb Electric specially engineered motor you obtain 
the motor qualities which are important in winning accept- 
ance for your product. 


Exceptional performance and dependability are standard 
with Lamb Electric Motors, at no increase in cost, because 
they are “custom tailored” by personnel having many years 
of experience in this field. 

May we demonstrate these advantages for your new and 
redesigned products? 


THE LAMB ELECTRIC COMPANY « KENT, OHIO 
A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric — Division of Sangamo Company Ltd.—Leaside, Ontario 


Electric 
Li SPECIAL APPLICATION 


FRACTIONAL HORSEPOWER 
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pertinent to these systems, and a brief description 
of ground and air systems for protecting North 
America. 

Saab BT9; Some Technical Notes on the Toss 
Bomb Computer. Saab Sonics, No. 25, 1957, pp, 
16-19. 

Operating High Speed Aircraft from Naval 
Carriers. H. G. Julian. Shell Av. News, Oct. 
1957, pp. 2-6. Discussion of low-speed handling, 
take-off, and landing problems in aircraft carriers, 
Discussion also includes the mirror-landing sys- 
tem and arresting gear 

Sparrow I-—Epoch in Missilry. Walter T,. 
White. Sperry Farragut Paper, Aug. 15, 1957, 
18 pp. Discussion which includes a description 
of the missile, developmental history, description 
of production facilities, and the quality control 
programs 

Special Issue: A Review of Canada’s Air De- 
fences. Aircraft (Canada), Nov., 1957, pp. 44- 
85. Partial Contents: Air Defence at a Cross. 
roads. Let’s Stop Talking Nonsense About Air 
Defence, J. Gellner. Air Defence Command, L, 
E. Wray. No. 1 Air Division, Harold Godwin. 
Maritime Air Command, Martin Costello. Air 
Transport Command, F. S. Carpenter Training 
Command, J. G. Bryans. Tactical Air Com- 
mand, H. G. Richards. Air Materiel Command, 
W. W. Bean. The Night Watchers. ASF: The 
Last Leg. Finishing School for Fighters. Proy- 
ing the Product. NORAD. Royal Canadian 
Air Force Basic Organization. Air and Sea, 
Training Pilots for the RCN 

The Bristol/Ferranti Bloodhound. Bristol 
Quart., Autumn, 1957, pp. 143-146. Discussion 
of a ground-to-earth anti-aircraft weapon using a 
ramjet power plant with solid rocket boosters. 

Research and Development Plesning in the 
USAF. Carlo R. Tosti. (JAS Natl. Summer 
Meeting, Los Angeles, June 17-20, ‘1957, Preprint 
746.) Aero. Eng. Rev., Feb., 1957, pp. 45-47. 

Special Issue: Global Air Power. Interavia, 
Nov., 1957, pp. 1,113-1,169. Partial Contents; 
Golden Jubilee of the American Air Force. Or- 
ganization of the United States Air Force. 
Sword, Shield and a Mailed Fist. On NATO’s 
Southern Flank, C. Corddry. The USAF Still 
Holds the Trumps, P. M. Gallois. America’s 
Weapons for Tomorrow. Global Logistics. 
Four Stars in Every Survival Kit. Some Prob- 
lems of the Future, C. R. Tosti. 


Missiles 


Guided Missile Principles. D. M. Rao. In- 
dian Skyways, Nov., 1957, pp. 22, 23, 26, 27, 29, 
32, 33, 35, 36. 

Link Pioneers Training Concept for Tomor- 
row’s Missiles. Connecting Link, Dec., 1957, 3 
pp. Discussion on the use of simulators for train- 
ing missile-launching crews. 

Guided Missiles. Maynard R. Briggs, Peter 
Castruccio, and Leonard Atran. Westinghouse 
Engr., Nov., 1957, pp. 185-188. Discussion of 
guidance systems, missile components, and the 
Bomarc missile 

Terrier Electronic Reliability; Reliability- 
Orientation Major Contributor to Missile Elec- 
tronics Reliability. Russell R. Yost, Jr., and 
Fred Dreste. Missiles & Rockets, Dec., 1957, pp. 
114-117. Study showing that there are no suffi- 
cient data for establishing exact flight reliability, 
but use of statistical analysis leads to a marked 
improvement of system producibility and tactical 
efficiency 

Special Issue: Missiles 1957; ‘‘Flight’”’ An- 
nual Review of the World’s Guided eapons. 
Flight, Dec. 6, 1957, pp. 869-906. Partial Con- 
tents: The ‘‘Ultimate Weapon’; A Layman’s 
Guide to Some Problems of its Operation. Rock- 
ets for Research. The Law of Space, Michael 
Aaronson. Stand-Off Bombs, D. E. Bailey. 


A New Method for Computing Drag Coefficients 
from Ballistic Range Data. AlvinSeiff. J. Aero. 
Sci., Feb., 1958, pp. 133, 134. 

Impact Points of Ballistic Rockets. R. E. 
Roberson. Jet Propulsion, Dec., 1957, p. 56. 
Generalization of Singer and Wentworth’s cal- 
culation method to include the case of the termi- 
nal point located at a different altitude from that 
of the initial point 


Navigation 


Navigation and the Airlines. E. W. Pike. 
Inst. Navigation J., Oct., 1957, pp. 398-410. 
Analysis of flight planning covering two separate 
phases: the navigational aspect and that of load 
determination. Includes a discussion on the fu- 
ture civil air transport navigation requirements. 

Aviation Communications and Navigation, 
Today and Tomorrow. Frank B. Gunter and 
Nelson B. Tharp. Westinghouse Engr., Nov. 
1957, 178-180. Discussion of the principles of 
basic electronic navigating methods and the re- 
lated communicatiou probleins. 

The Case for Flexible Air Navigational Tracks 
on the North Atlantic. Robert K. Polson. 
Navigation, Autumn, 1957, pp. 337-344. Study 
of the least time track computed by the time 
front method and flown as a prescribed track. 
The time-saving and economy are discussed, along 
with operating details 
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North 


We build rocket 


ption 
ption The artist’s drawing shows 
trol Aeronutronic Systems’ four- 


‘a stage rocket leaving its launch- | b. , stations in the ; sky 


a ing station, a General Mills 
“ross- balloon. With much of the t d 
i atmospheric drag behind it, | i 
the rocket can soar to far Oo spee mans 
greater heights than those : 
launched from usual earth 


stalions. conquest of space 


In Project Farside, General Mills’ poly- 
ethylene balloons like this, the largest ever 
flown, lifted a series of rockets 100,000 
feet above the earth. (The nearly 4,000- 
pound loads were the greatest ever carried 
to that height.) With 98.7 percent of the 
drag-producing atmosphere already behind 
them, the rockets could then be sent far- 
theroutintotheunknowntogatherscientific 
data essential to man’s mastery of space. 


Unusual projects of this type are a spe- 
cialty of the complete balloon systems 
group at General Mills. The complete 
package includes balloon and instrument 
design and manufacture, launching and 
recovery services, weather forecasting and 
data reduction. 


Such activity is representative of our capa- 
bilities and thoroughness in other fields: 
inertial guidance and control, infrared, 
radar, semiconductor physics, and so on. 
We combine creative engineering and re- 
search with fine-precision production to 
serve an increasing number of industrial 
and military customers. We’d like to serve 
you, too. 


GET MORE FACTS about our facilities 
and capabilities and how they can serve 
you. Write Dept. AE-1, Mechanical Divi- 
sion, General Mills, 1620 Central Ave. 
N.E., Minneapolis 13, Minnesota. 


This Project Farside polyethylene balloon is identical to the one used in the 
actual rocket flights. Here it ts being readied for a test ascent. Its load is an 
exact replica (size and weight) of the platform and rockets which were carried 
to 100,000 feet at Eniwetok Atoll. General 


MECHANICAL DIVISION | Mills 


Creative Research and Development +- Precision Engineering and Production 
Minneapolis, Minnesota 
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Flight Tests in Collision Prevention. Richard 
Y. Miner. Navigation, Autumn, 1957, pp. 35 
360. Discussion on the development of a radix 
collision warning device 


Electronic Aids 


Application of TACAN to Helicopter Siting 
Navigation. Ernest Parker, James Engel, and 
Norman Tierney. AHS J., Oct., 1957, pp. 8 


Discussion of a line-of-sight TACAN system f 

navigation and traffic control, which includes 
presentation of the operating principles, and a d 
scription of the airborne equipment 

The Implications of Doppler Navigation. 
L. Mitchell. Sheil v. News, Sept., 1957, py 
8-10 Discussion of the direct measurement 
drift and groundspeed by means of the Dop; 
principle and of its application to aircraft naviga 
tion 

Doppler Navigation Systems. Shell Av. \ 
Sept., 1957, pp. 7, 8. Description of two type 
Marconi navigation systems. To obtain a strong 
enough signal for ground measurement from a hig! 
altitude one set uses a pulse radar transmitter 
high peak power, while the other uses a continuot 
wave system which is lighter and avoids the hig}! 
voltages associated with pulse radar 


Nuclear Energy 


Effects of Nuclear Radiation on Transistor 
A. J. Schwartz. Electronic Des., Dec. 15, 1957 
pp. 16-19 Experimental investigation of tran 
tors subjected to nuclear environment Result 
show that high frequency transistors are best for 
use under such conditions 

Nuclear Mobile Propulsion with Particular Ref- 
erence to Aircraft. | ’. Dunworth 
Am. Aero. Conf., 6th, Folkestone, Sept. 9-12, 195 
Paper. 20 pp. 129 refs. Discussion of nuclear 
reactors including fuel, reliability, and shielding 
problems 

How Transistors Operate Under Atomic Radia- 
tion. Robert L. Riddle. Electronics, Dee 
1957, pp. 125-127 Experimental investigation 
showing that degrading effects of irradiation cat 
be controlled by negative feedback, and that rz ad 
ation effects on coaxial cables have no noticeable 
change in r-f transmission characteristics 


Parachutes 


Elementary Estimates of Parachute Opening 
Forces. Appendix I—Parachute Inflation in 
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4305-37 W. 24th Place 


Inclined Flight. Appendix II—The Effect of the 
Air Mass Associated with the Inflating Canopy. 
Appendix II1I—The ‘‘Shock Factor’’ as 
in Wind Tunnel Tests. Appendix IV—The 
‘‘Linear’’ Inflation Characteristic Applied to 
Reefed Parachutes. M. I Waters. Gi 
Brit., RAE TN Mech. Eng. 238, May, 1957. 37 
pp. Application of simple assumptions on the 
rate of parachute inflation to the construction of 
data sheets for parachute maximum loads and 
other quantities 


Photography 


, Calibration of Airplane Cameras. Tech. News 

, Nov., 1957, pp. 170, 171. USAF-sponsored 

analysis of random errors that affect the accurate 

calibration of aircraft cameras in order to obtain 

accurate values of the scale factor used in map in- 
terpretation 


Basic Requirements for Charting Photography. 
Duane Lyon. Photogrammetric Eng., Sept., 

957, pp. 685-696. Description of information 
und materials required to produce aeronautical 
charts, targeting materials, and photo mosaics 


Project Stratoscope—Solar Photographs from 
80, 000 Feet. John B. Rogerson, Jr Sky & Tele 
pe, Jan., 1958, pp. 112-115 Discussion of the 
se of balloons to raise a telescope with attached 
ameras to high altitudes in order to photograph 
he sun Also included is a description of the 
uipment 


Physics 


Energy Spectrum of u-Mesons in Extensive 
Atmospheric Cosmic Ray Showers. O. I. Dov- 
henko, B. A. Nelepo, and S. I. Nikol’skii. (Zhur- 

Exper. t Teoret. Fiz., Mar., 1957, pp. 463 
166.) Sov. Phys JETP, Oct., 1957, pp. 391- 

3. Study in the energy range from 0.3 to 3.5 
Bev., and measurements at mountain altitudes 
Results show that the energy spectrum of u-mes 
ns is independent of the primary particle energy, 
nd that it decreases with the distance from the 
hower axis 


Momentum Spectrum of the Cosmic Radiation 
and the Positive Excess in the (0.1-2.5) x 10° 
ev’c Range at an Altitude of 3250 m. A. O 
Vaisenberg (Zhurnal Exper t Teoret. Fiz., 
Mar 1957, pp 417-422.) Sor Phys. - 

TP, Oct., 1957, pp. 352-357 Measurements 
are performed with the aid of magnetic analysis, 
nd the spectral distribution of the positive ex- 

ss is obtained. Includes an evaluation of the 


proton and meson components contribution to the 
magnitude 

Simple Submicrosecond Light Source 
treme Brightness. Heinz Fischer. OS: 
Nov., 1957, pp. 981-984. Development of a tight 
source with a maximum brightness of approxi- 
mately 40 million candles/cm.? with a 0.25 y sec, 
half-width or shorter. This is obtained by a ca- 
pacitor-discharge with an open air gap in whicha 
toroidal capacitor surrounds the gap coaxially 


Conditional Brownian Motion and the Boundary 
Limits of Harmonic Functions. J.L. Doob. U, 
Ill. Rep. (AFOSR TN 57-625) [AD 110395}. 
Oct. 31, 1957 40 pp 11 refs. Consideration 
of functions and stochastic processes on a Green 
space R, as defined by Brelot and Choquet, ex- 
cluding Riemann surfaces 


On the Viscoelasticity and Complex Dielectric 
Constant in the Presence of an Electric Field and 
a Shearing Laminar Flow in Solution of Macro- 
molecules. Nobuhiko Sait6 and Tomakazu 
Kato. Phys. Soc. Japan J., Dec., 1957, pp. 
1,393—1,402 16 refs Calculations showing that 
the intrinsic viscosity increases proportionally to 
the square of the applied electric field, and that 
the dielectric constant increases proportionally to 
the square of the velocity gradient 


Calculation of an Optical Merit Function and 
Its Derivatives with Respect to the System Pa- 
rameters. Donald P. Feder. OSA J., Oct., 
1957, pp. 913-925. USAF-sponsored definition 
of a characteristic function suitable for use as a 
performance number in lens design, and to derive 
equations for computing this function and its de- 
rivatives with respect to the parameters of the 
system 

Automatic Lens Design Methods. Donald P. 
Feder. OSA J., Oct., 1957, pp. 902-912. 10 
refs. USAF-sponsored presentation of several 
methods to solve simultaneous, nonlinear, alge- 
braic equations that are suitable for use in an au- 
tomatic computer 


Thermal Expansion of Solids at High Tempera- 
tures. J. N. Eastabrook. Philos. Mag., Dec., 
1957, pp. 1,421-1,426. 19 refs. Development of 
Griineisen’s law in a form which allows the appli- 
cation of the theory of the variation of specific 
heat at high temperatures 


Photoelectric Fringe Signal Information and 
Range in Interferometers with Moving Mirrors. 
George W. Stroke. OSA J., Dec., 1957, pp. 1,097- 
1,103. 24 refs USAF-Army-Navy supported 
theoretical and experimental investigation of in- 
strumental and light source conditions required to 
ensure adequate information content and ‘‘visi- 
bility’’ of fringe signals 
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The growing demand on available spectrum space 
) makes single sideband operation increasingly attractive 
in aeronautical communications. SSB operation allows 
the same amount of intelligence to be transmitted in 
one-half the bandwidth required for conventional AM 
transmission. Longer range is possible with greater sig- 
nal-to-noise ratio and reduction of interference from 
i other signals. Reliable communication with lower aver- 


A modern Class AB, linear amplifier is the ideal way 
to raise an SSB signal to the desired power level with 
stability and no distortion. Zero grid drive requirement 


Write our Application Engineering Department for 
} a copy of the technical bulletin “Single Sideband”. 


Eimac Ceramic Tetrodes are the Best 
Appreach to the Advantages of SSB 


minimizes driver stage design problems and eliminates 
distortion from this source. The 4CX250B, 4CX300A, 
and 4CXI000A shown above are especially well-suited 
for airborne use in Class AB, operation. The 4CX5000A 
is ideal for high power ground station use. These tubes 
offer the high power gain, low distortion, and stability 
needed for Class AB, operation. And, each has perform- 
ance-proved reserve ability to handle the high peak 


; age power in the final rf stage results in substantial powers encountered. 
reduction in total weight and cost of SSB transmitting Eimac ceramic design gives these tubes the com- 
equipment. pactness, ruggedness, and high reliability demanded in 


exacting aeronautical applications. 


EITEL-McCULLOUGH, INC. 


S A N U N O Ca 


Ecmac Forst with ceramic tubes that can take ji 


CLASS AB, SSB OPERATION 


4CX250B 4CX300A 4CX1000A A4CX5000A 
Plate voltage 2000 v 2500 v 3000 v 7500 v 
Driving Power Ow Ow Ow Ow 
Peak Envelope Power 325 w 400 w 1680 w 11,000 w 
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Mechanisms for the Formation of Ions in 
Flames. H. F. Calcote. Comb. & Flame 
Dec., 1957, pp. 385-403. 92 refs. ONR- sup 
ported review of the available literature, and 
some new proposals on cumulative and chemi 
ionization. 

A Method for the Direct Determination of the 
Rate Constants for Radical-Radical Interactions 
in the Gas Phase. I—The Technique of In- 
vestigation. II—The Rate Constant for the 
Recombination of Methyl Radicals. F. Moseley 
and J.C. Robb. Royal Soc. (London) Proc., S 
A, Dec., 1957, pp. 119-142. 15 refs. Descrip 
tion of a method for following the nonstationary 
state in simple photochemically initiated gas 
phase reactions. Applications of the ahinieee 
are made to the study of the photosensitized de 
composition of acetone vapour. 

Infra-Red Radiation and Its Detection. Elec- 
tronic & Radio Engr., Nov., 1957, pp. 412-415 
Exploration of the physical principles and discus 
sion of methods of photo-detection. 

Free Radicals by Mass Spectrometry. XIII 
The Mercury Photosensitized Decomposition 
of Allene and Butadiene: the CsH; Radical. | 
Collin and F. P. Lossing. Can. J. Chem., Aug 
1957, pp. 778-787. 15 refs. Analysis of the 
primary dissociation steps to determine the de 
composition modes. Three products were ob 
tained. 

Experimental Aspects of General Relativity 
Theory. Louis Witten. (AAS 3rd Annual 
Meeting, New York, Dec. 7, 1956.) J. Astronau 
tics, Autumn, 1957, pp. 46-48. Outline of several 
experimental verifications including the perihelion 
advance of the planet Mercury, gravitational dis- 
placement of spectral lines, gravitational deflec 
tion of light rays, and the use of atomic clocks 

Magnetohydrodynamic Shock Waves in the 
Solar Corona, with Applications to Bursts of 
Radio-Frequency Radiation. K. C. Westfold 
Philos. Mag., 8th Ser., Nov., 1957, pp. 1,287 
1,302. 17 refs Analysis starting from a set of 
transport equations previously investigated for 
an ionized gas. It is shown that in quasi-static 
electromagnetic fields the coronal medium satis 
fies an adiabatic equation of state, and the mag 
netic field lines are effectively ‘‘frozen’’ into the 
medium. 

Spectrum and Positive Excess of the Hard 
Component in the (9.3-17) X 10° ev/c Momentum 
Range at an Altitude of 3250 Meters. A. I 
Alikhanian and A. O. Vaisenberg. (Zhurnal 
Exper. i Teoret. Fiz., Mar., 1957, pp. 413-416.) 
Sov. Phys. - JETP, Oct., 1957, pp. 349-351 


Power Plants 


Jet & Turbine 


NACA 65-Series Compressor Rotor Perform- 
ance with Varying Annulus-Area Ratio, Solidity, 
Blade Angle, and Reynolds Number and Com- 
parison with Cascade Results. Wallace M 
Schulze, John R. Erwin, and George C. Ashby 
Jr. U.S., NACA TN 4130, Oct., 1957. 62 pp 
Experimental investigation in a 28-in. test com 
pressor and determination of the effects of changes 
in test parameters on rotor performance. 


Factors Influencing Operating Limits of High 
Flux Axial Compressors. Frank L. Wattendorf 
Hans von Ohain, and Maurice Lawson. USAF 
WA DC TR 57-233 [AD 118206], Apr., 1957. 20 
pp. Presentation of staging and matching meth- 
ods for multi-stage compressors to obtain wide 
operational ranges. It is concluded that designs 
of highly loaded axial compressors are theoreti 
cally possible. 

The Electrical Control of Power Plants. G 
M. Sturrock. Anglo-Am. Aero. Conf., 6th, 
Folkestone, Sept. 9-12, 1957, Paper. 23 pp. Ex 
amination of the general philosophy of electrical 
control systems with special consideration of the 
development of the ‘Electric Throttle’’ as used 
in the Bristol Britannia. 


Control of Supersonic Propulsion Systems. 
John C. Sanders. Anglo-Am. Aero. Conf., 6th 
Folkestone, Sept. 9-12, 1957, Paper. 20 pp 
Consideration of the air ‘consumption characteris 
tics of the turbojet and of the air delivery of the 
diffuser. Some diffuser geometrical properties 
influencing the mismatch between the engine and 
the diffuser are studied, and the geometric vari 
ables which may be manipulated by a control are 
pointed out. 

Lycoming T53 Program. Flight Mag., Dec 
1957, pp. 36, 37, 55. General description of the 
power plant specifically designed for helicopter 
use. 

General Electric T58 Development. Flight 
Mazg., Dec., 1957, pp. 32-35. Discussion includes 
application, performance, and general characteris 
tics of the power plant. 

Light Orpheus Jet to Power 11 Designs. David 
A. Anderton. Av. Week, Nov. 25, 1957, pp. 51 
53, 55, 57, 58, 61, 63 Description of the Bristol 
engine used in the NATO light fighter program 
and discussion of its design dev,elopment. 

The Versatile Orpheus. The Aeroplane, Nov 
22, 1957, pp. 779-782, cutaway drawing. (Also 
in Flight, Nov. 22, 1957, pp. 809-812.) Design 
history and description of the Bristol lightweight 
jet engine. 
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Jet Engine Developments. H. F. Faught and 
R. A. Neal. Westinghouse Engr., Nov., 1957, pp. 
169-172. Discussion of the current state of the 
art in compressor, combustor, turbine, and after- 
burner development 


Supersonic AirInlet Controls. William Stubbs. 
SAE Meeting, Wichita, Nov. 14, 1956.) SAE 
Paper, Nov., 1957. 6 pp. Discussion of the 
inlet efficiency, including different inlet types for 
supersonic aircraft 

Modern Aerodynamic Propulsion Systems. 
Arnold H. Redding Westinghouse Engr., Nov., 
1957, pp. 166-168. Brief review of twelve types 
of power plants currently in use 

Low Temperature Civil Turbojets. Bristol 
Quart., Autumn, 1957, pp. 156-159. Design and 
performance details of Bristol and Curtiss-Wright 
Zephyr, developed especially to meet the require- 
ments of civil aviation 


Turbojets Are of Mach 
4 Speeds. J. S. Butz, Jr. Av. Week, Oct. 28, 
1957, pp. 86-89. Theoretical estimations of 
turbojet future by NACA scientists at the Lewis 
Flight Propulsion Laboratory, taking into ac- 
count the high temperature performance required 
of engine components 

Economic Impact of Small Turbojet Engines on 
the Design and Operation of Future Aircraft. 
Louis W. Davis. ASME Aircraft Div. Meeting, 
New York, Dec. 4, 1957, Paper. 18 pp. Discus- 
sion of the potential in the 1,000 to 3,000 Ibs. 
thrust category, and of the advantage over large 
engines, 

Procedures for the Determination of the Parti- 
cle Size Retention Characteristics, the Flow Re- 
sistance Characteristics, and the Dirt Handling 
Capabilities of Fuel Filters for Aircraft Jet En- 
gines. Detroit Testing Lab., Rep. 0607-E-1, 
June 7, 1955. 37 pp. 

Design for Repairability of Civil Turbine En- 
gines. A. H. Harvey-Bailey. Anglo-Am. Aero. 
Conf., 6th, Folkestone, Sept. 9-12, 1957, Paper. 16 
pp. Discussion considering overhaul life and 
economy in parts replacement at overhaul. 

Standardized Thrust Analysis Catches Per- 
formance Lags in Time. R. P. Reul. Av. Age, 
Dec., 1957, pp. 46-53 ff. Presentation of equa- 
tions to evaluate gross thrust, velocity, and gas 
flow. 


Simulator for Use in Development of Jet Basins 
Controls. Appendix A—Simulation of Engi 
Acceleration. Appendix B—Simulation of “<4 
bine Inlet Temperature. Emile S. Sherrard. 
U.S., NBS Circ. 584, Sept. 6,1957. 17 pp. Pres- 
entation of a method of simulation, and cost esti- 
mates for simulator components. The simulator 
employs typical d.c. analog computer compo- 
nents. It is capable of representing a twin-spool, 
variable-nozzle, afterburning turbojet engine. 

Aero-Engine Performance Measurement. The 
Engr., Dec. 6, 1957, pp. 829, 830. Discussion in- 
cluding the development, principles, and perform- 
ance of thrust measuring equipment 


On the Eigenvector Direction of Turboblading 
with Lashing Wire. Milomir M. Stanisié. J. 
Aero. Sci., Feb., 1958, pp. 139-141 Deter- 
mination of the eigenvector direction in which a 
group of blades, with constant cross section and 
twisted along their length, vibrate in the funda- 
mental bending mode 


Rockets 


Chemical Rocket Engines; Principles and 
Applications. Robert R. Bradley and John G. 
Donovan. Sperry Eng. Rev., Sept.-Oct., 1957, 
pp. 2-9. Presentation of fundamental operating 
principles and outline of some advantages, limita- 
tions, and expected future development in the art 
of rocketry. 


The Spectre Rocket Engine. de Havilland 
Gazette, Oct., 1957, pp. 212-215. Developmental 
history and design details of a fully controllable 
rocket engine. 

The Performance of a Rocket with Tapered 
Exhaust Velocity. Howard S. S Jet Pro- 
pulsion, Dec., 1957, pp. 1,264—1,2 Investiga- 
tion showing an improvement in terminal velocity 
of 10 to 20 per cent relative to a rocket with fixed 
exhaust velocity, under certain boundary condi- 
tions 


Production 


Notes on a Visit to the Fokker Aircraft Factory 
Schiphol, Amsterdam, llth June, Je 
I loyd Gt. Brit. RAE TN Chem.1313, July, 
1957. 7 pp Discussion of the application of 
bonding techniques in the production of the Fok- 
ker Friendship 


Metalworking 


Production Experience with Press Bonding. H. 
Povey. de Havilland Gazette, Oct., 1957, pp. 254- 
258. Application of Redux bonding to wood- 
metal and metal-to-metal bonds. The presses 
used are described along with inspection and test- 
ing procedures. 


Precision Forging; A Report on a New Plastic 
Metalworking echnique. H. Showalter. 


Steel Processing & Conversion, Nov., 1957, pp. 


615-624, 645, 646. Description of several ma- 
chines for a high-speed, precise method for produc. 
ing pieces of varied symmetrical cross sections 
from simple starting blanks. 

Fluid-Form. Saab Sonics, No. 25, 1957, pp. 
11-13. Description of a method for forming 
sheet metal blanks into dished or cupped objects 
by means of hydraulic pressure applied to the 
blank through an elastic diaphragm. 

Automatic Milling; Bendix System of Data. 
Control for Operation of Machine-Tools. Peter 
J. Fermer. Aircraft Prod., Dec., 1957, pp. 490- 
504. Description of a digital data-control sys. 
tem, fitted to an especially designed profile-milling 
machine 

Electrolytic Grinding and Milling as Applied to 
New High-Alloy Materials. Lynn A. Williams, 
Anocut Eng. Paper, Sept. 30, 1957. 8 pp. Dis. 
cussion of the following three major problems: 
metallurgical damage from machining, burring 
and layover, and tooling problems. 

Interrupted-Contour Profiling; Straight-Line 
Motion for Intermittent Vertical Profiling on Cir. 
cular Parts. Aircraft Prod., Dec., 1957, pp. 470, 
471. Description of a machine for contour pro- 
filing, consisting of an interrupted-cut profiling 
head which is attached to the turret of a Schiess 
vertical turret-lathe 


Nonmetalworking 


Design Aspects of Bonded Structures; Use of 
Redux in the Fokker F.27 Friendship. Flight, 
Oct. 25, 1957, pp. 655-657. Application of 
bonded structures to achieve structural stabili- 
zation and to reduce stress concentration. 


Production Engineering 


Production Control. Bristol Quart., Autumn, 
1957, pp. 165-168. Discussion of production 
planning as applied to the manufacture of the 
Bristol Britannia 

Integral Components. Harold Young. Air- 
craft Prod., Dec., 1957, pp. 472-479. Review of 
methods and machine-tool equipment used by 
Avro Aircraft, Canada, to manufacture integrally- 
stiffened skins and completely-machined struc- 
tural members 


Tooling 


Tools for Bonding. H. T. Duffy. Aircraft 
Prod., Dec., 1957, pp. 480-487. Review of prac- 
tical requirements in the design of press and auto- 
clave fixtures 


Welding 


Shielded Inert-Gas Metal-Arc Welding; with 
Particular Reference to Welding Costs. D. B. 
Tait. Brit. Welding J., Nov., 1957, pp. 501-511. 
Discussion of the self adjusting arc in terms of the 
two influencing factors: the inherent self-ad- 
justment of an are of high current density and the 
volt/ampere characteristic of the power source. 


Propellers 


Aerodynamic Characteristics at High Speeds of 
Related Full-Scale Propellers Having Different 
Blade-Section Cambers. Julian D. Maynard 
and Leland B. Salters, Jr. U.S., NACA Rep. 
1309, 1957. 24 pp. Supt. of Doc., Wash, 
$0.30. Comparison of wind tunnel results over a 
range of blade angles from 20° to 55° at air speeds 
up to 500 miles per hour 


Refueling in Flight 


Gas Stations in the Sky. Herbert A. May, Jr 
Sperryscope, 4th Quart., 1957, pp. 22-24. Dis- 
cussion of the development of in-flight refueling 
techniques up to modern aerial refueling systems 
based on hydraulic mechanism. 

Cam Drum Prevents Hose Snarling During 
Drogue Reel Operation. Des. News, Dec. 1, 
1957, pp. 22, 23. Description of a hydraulic- 
powered hose reel and the continuous groove cam 
drum on which the level wind bracket travels. 


Rotating Wing Aircraft 


Wessex—Westland’s Napier-Gazelle-Powered 
Helicopter for the Royal Navy. Flight, Nov. 29, 
1957, pp. 837-842, cutaway drawing. (Also in 
The Aeroplane, Nov. 29, 1957, pp. 807-814.) 
Design, structural, and performance details of the 
turbine-powered version of Sikorsky S-58 

Rotodyne Built for Short-Haul Routes. David 
A. Anderton. Av. Week, Dec. 2, 1957, pp. 54-57, 
61-63. Design, performance, and noise charac- 
teristics of Fairey-designed aircraft which com- 
bines helicopter take-off ry landing performance 
with the cruise economy of a fixed-wing aircraft. 

Acoustic Design for etieaieal Helicopters. 
Harry Sternfeld, Jr. AHS J., Oct., 1957, pp. 
21-28. Discussion of modifications made on a 
commercial version of the H-21C to improve its 
acoustical characteristics 

Helicopter Maintenance. I—The Effect of 
Reduced Maintenance Costs on Total Direct 
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The special thing to remember about Janitrol 
tied air duct couplings is that their aircraft relia- 
he bility is proven, both in tests and in use. A 
Air § full range of standard sizes is available, and 
i by special designs can be made quickly, in alu- 
= minum, stainless steel, or titanium. 

They stand up under repeated disconnects 
and connections because the seal is metal to 
“craft metal. Weight savings are on the order of 
ae 40% under conventional designs, yet they 
are rugged enough for continuous use. 
ae Where an extra measure of safety is re- 
“ quired, as in cockpit or crew spaces, Janitrol 
yo Dubl-Lock* couplings provide the ultimate 
‘ad — in reliability. Even if the bolt unlatches or 
urce. fails, the Dubl-Lock* maintains the seal. 
Janitrol’s newest coupling is 36 inches in 
sil diameter and makes possible rapid discon- 
rent nects of jet engine tail pipes. In addition to 
Rep. an unlimited variety of couplings, Janitrol 
= also manufactures duct supports, either sep- 
=e arate or as an integral part of the coupling. 
Telephone or write your nearest Janitrol 
representative for a proposal on either stand- 
bis ard couplings or special couplings and duct 
‘i 
supports to your specifications. 
ii Janitrol Aircraft Division, Surface Com- 
a bustion Corporation, Columbus 16, Ohio. 
ult . ~ . 
cam | District Engineering Offices: Washington, 
f D. C., Philadelphia, Columbus, Fort Worth, 
Hollywood. 
red *trademark of Surface Combustion Corporation 
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THE 
ELEMENT 
OF 
FREEDOM 
and the System-Oriented Engineer 


Freedom is doing what you like. Some system-oriented engineers 
like best to match their wits and skills against difficult problems. 
This characteristic or (idiosyncrasy) of liking complicated tech- 
nical problems is one of the chief qualifications of the engineer 
we need. He will be required to study the multitude of interactions 
possible among advanced aircraft, missiles, and electronic devices 
with each other and with human elements in the nation’s most 
extensive man-machine-computer system. 
| & qualify, substantial experience with air-to-air or ground- 
to-air missiles systems is required together with demonstrated 
aptitude in the field of system planning. Write for more informa- 
tion or call collect. Address: R. W. Frost, System Development 
Corporation, 2426 Colorado Ave., Santa Monica, California, 


EXbrook 3-9411. 


SYSTEM DEVELOPMENT CORPORATION 


An independent nonprofit organization, formerly a division of the Rand Corporation 
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Operating Costs. Norman J. Asher. II—En- 
gineering for Ease of Maintenance. M. A 
Wachs III— Potential Improvement with 
Greater Usage of Helicopters. C.W. Diehl. IV 

Notes on Helicopter Maintenance. J. E. Gal- 
lagher. AHS J., Oct., 1957, pp. 1-7. 

Possible rp re Paths for Helicopters. P. F. 
Sutherby. RA J., Dec., 1957, pp. 811-814 
Analysis of onesies helicopter routes which indi 
cates some advantages to be gained from using 
flight paths similar to those of air liners. 


A Rapid Performance Prediction Method for 
Compound Type Rotorcraft. Robert D. Foster 
(IAS 25th Annual Meeting, New York, Jan. 28-31 
1957, Preprint 702.) AHS J., Oct., 1957, pp 
34-41. 11 refs 

Reliability Requirements for Helicopter Plight 
Controls. H. Hecht and L. Kaufman. AHS 
Oct., 1957, pp. 29-33. Discussion of some ad 
lems in the design and selection of flight con 
trols, pointing out the need for fundamental 
qualitative work in optimizing reliability require 
ments 

Limited Flight Evaluation of the Alouette II 
Helicopter. James S. Hayden and Robert G 
Ferry. USAF FTC TR 57-27 [AD 131465) 
Oct., 1957. 101 pp. Presentation of results 
showing the performance and general characteris 
tics of the helicopter, together with data analysis 
methods 

Cargo Handlingin Helicopters. Clark Hender 
son, W. Grant Ireson, Robert K. Mitchell, and 
Peter P. Tilton USAF WADC TR 57-144 [AD 
118165|, Mar., 1957. 179 pp. 33 refs. Investi 
gation of the problems of loading, restraining, and 
discharging supplies for support of Army units 


Safety 


Extinction of Fires in Liquids by Cooling with 
Water Sprays. D. J. Rasbash and Z. W. Ro 
gowski. Comb. & Flame, Dec., 1957, pp. 453 
466. Correlation of the extinctions, obtained from 
a series of experimental investigations, inone equa 
tion relating the extinction time with the spray 
and the fire properties 


Space Travel 


Outlook to Space Travel. Ernst Stuhlinger. 
Sci. Mo., Dec., 1957, pp. 281-287 Discussion of 
the planning of a round trip to Mars, with a de 
tailed description of the electric space ship and 
its propulsion systems 

Project Far Side: Man’s First Stride <7 
Space Uses Off-the-Shelf Hardware. S 
Singer Missiles & Rockets, Oct., 1957, t. 
120-122, 123-128 Description of the multistage 
rocket and balloon, along with a discussion of 
launching technique and scientific applications 

Cold Forming in Missile Production. Missiles 
& Rockets, Oct., 1957, pp. 118, 119. Application 
of forming processes to produce nozzles, bulk 
héads, feed fitments, nose cones, and casings 

The New Dimension. I/nteravia, Dec., 1957 
pp. 1,229-1,233. Summary of the chronology of 
Soviet satellite launchings, and details of Sputnik 
I and Sputnik II 

Project Vanguard Report No. 18; Minitrack 
Report No. 1—-Phase Measurement. Appendix 
A—Test Specifications for Phase-Measurement 
Equipment. C. A. Schroeder, C. H. Looney, Jr 
and H. E. Carpenter, Jr Agpendiz, B—Test 
Generator. John W. Ryan. U.S., NRL Rep 
4995 (OTS PB 131220, $1.00), July 26, 1957. 28 
pp. Description of the tracking system for an 
artificial earth satellite, including a detailed out 
line of the phase measurement 

Business Implications of Future Space Light 
Systems. William H. Dorrance. Aero. Eng 
Rev., Feb., 1957, pp. 20-23. Study of several 
military, scientific, and commercial applications 
of space-flight systems from the point of view of 
assessing their business implications for the air 
frame industry 

The International Geophysical Year: 1957 
58—-World Programme. A. P. Mitra. J. Sci.& 
Ind. Res., Sect. A, Aug., 1957, pp. 327-336. Dis- 
cussion of the purposes of IGY, the station distri 
bution, world days and alerts, interior and sur 
face of the earth studies, atmospheric studies, ex 
traterrestrial sources influencing the earth, and 
description of rockets and satellites to be used 


What the Future Holds for the Earth Satellite. 
Robert. P. Haviland AAS 3rd Annual Meet 
ing, New York, Dec. 6, 1957.) J. Astronautics, 
Autumn, 1957, pp. 41-45, 51. Discussion includes 
future applications in the field of geodesy and 
mapping, genera! characteristics of the trajector 
ies and of a broad spectrum of earth scanning de- 
vices, as well as problems of visibility 

Placing the Vanguard Satellite in Orbit. John 
P. Hagen. Interavia, Dec., 1957, pp. 1,245- 
1,250. Description of U. S. satellites, launching 
vehicles, and launching program 

Sectional Satellites. George WwW Hoover. 
Missiles & Rockets, Oct., 1957, pp. 135-137. _Dis- 
cussion of the use of a series of small satellites, 
each a component of a total system, placed in an 
orbit separately and then connected together. 
By this method a greater payload could be carried 
than in the case of one large satellite 
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Symbol of a Reputation 


. a reputation for integrity, for quality and 
service ... for advanced creative engineering 
achieved by New Departure in over half a cen- 
tury of precision ball bearing manufacture. 


You'll find this emblem is also symbolic of our 
determination to continue, in the fullest meas- 
ure, all those factors which have built that 
reputation. It is a visual pledge of this reso- 
lution to all our customers, present and future. 
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Magnetic Core Event Counter for Earth Satel- 
lite Memory. D.H. Schaefer. Elec. Eng., Jan 
1958, pp. 52-56. Description of the circuit of a 
micrometeorite bombardment counter for space 
satellites 


Comments on the Powered Flight Trajectory of 
a Satellite. Theodore N. Edelbaum. Jet P 
pulsion, Dec., 1957, pp. 1,260, 1,261. Analysis 
of the significance of centrifugal forces by reducing 
the round earth equations of motion to those for 
the flat earth 


On the Tracking of Satellites. Arnold Peter 
son Gen. Radio Exp., Dec., 1957, p. 3-6 
Discussion of a set of measurements similar to 
those which were applied to Sputnik I and II, and 
of certain refinements in handling data used for 
path and time of transit predictions by the local 
Moon-Watch group. 

Artificial Satellites of the Earth. Wireles 
World, Dec., 1957, pp. 574-576, 577, 578. Study 
off observations by radio of the first transmitted 
signals beyond the ionosphere. 

Space Vehicles as Tools for Research in Rel- 
ativity. S. Fred Singer. (AAS 3rd Annua 
Meeting, New York, Dec. 6, 1956.) J Astronau- 


recent test is shown below. 


BEFORE TEST 


Autumn, 


1957, pp 


49-51. 


Investigation of 


the twin paradox in terms of the close orbit earth 
satellite paradox with the aid of atomic clocks. 


It is concluded that a time 


the space traveler 


Earth Satellite Telemetry Coding System. 


W. Rochelle 


065 Description of a 


Zlec. Eng., Dec., 1957, pp. 1,062 


simple 


system extended to a 48-channel system 


Selected Bibliography: 
Change and Behavior. 
USAF WADC 
1957 


M. Patton 
091)\, Apr., 


Structures 


64 pp. 883 refs 


advantage will exist 


R. 


three-channel 


Fatigue, Stress, Body 
William Bevan and Rollin 
TR 57-125 [AD 118- 


An Analysis of the Probability Theory of Fa- 


tigue. A 
Nov., 


Ferro 


1957, pp. 487-490 


and R. Colombo 
19 refs 


Engr 


Dig., 
Study of the 
Freudenthal theory using experimental methods 


It is concluded that the hypothesis can only be 
applied to the intermediate period in which the 
nuclei are formed for submicroscopic cracks, where 
one subsequently becomes capable of developing. 


NOTABLE ACHIEVEMENTS IN WIND TUNNEL TESTING— NO. 4 


CWT engineers are a dedicated group, spending many extra-curricular 
hours in the pursuit of basic scientific information. The result of a 


AFTER TEST 


Testing At CWT 


People sometimes ask us who runs the CWT. The Wind Tunnel 
is operated by the California Institute of Technology for five 


owner-companies — Convair, Douglas, 


Lockheed, McDonnell and 


North American. Its services are made available also to other 
leading aircraft firms and to government agencies. The CWT plays 
a fundamental part in the aerodynamic testing and development 
of some of the world’s most important aircraft and missiles. 


If you would like more information regarding the Wind Tunnel, 
its services, or employment opportunities, you are invited to 


write us. 


CWT 


950 S. Raymond Ave., 


118 / Aeronautical Engineering Review 


SOUTHERN 
CALIFORNIA 
COOPERATIVE 
WIND 
TUNNEL 


Pasadena, California 


Operated by the 

California Institute of 
Technology. Owned 
by Convair, Douglas, 
Lockheed, McDonnell 
and North American. 


Criteri di Sicurezza Strutturale in Aeronautica; 
Evoluzione Storica ed Indirizzi Attuali. 


Siorgio 
Aldinio. L’Aerotecnica, Aug., 1957, pp. 171-177. 
26 refs. In Italian. Historical evolution of the 


structural safety criteria of aircraft 


Scatter of Fatigue Life and Fatigue Strength in 
Aircraft Structural Materials and Parts. Wa- 
loddi Weibull. (Columbia U., Conf. Fatigue Air- 


craft Structures, New York, Jan. 30—Feb. 1, 1956.) 
Sweden, Fly ekniska Férséksanstalten, FFA 
Medd. 73, 1957 5 pp. Data for notched and 


unnotched specimens of steel, 


aluminum alloys 
such as 248-T, 755-T, 


and RR58, and copper 


An Experimental Verification of the Theoretical 
Conclusions of R.A.E. Technical Note No. Struc- 
tures 156 (A.R.C., C.P. No. 286) ‘‘A Construc- 
tional Method for Minimising the Hazard of Cata- 
strophic Failure in a Pressure Cabin’’ with Fur- 
ther Comments onits Implications. D. Williams 
Gt. Brit., ARC CP 357, 1957. 13 pp. BIS, New 
York, $0.45 


Safety in Relation to Structural ee A. 


E. Russell nglo-Am. Aero. Conf., 6th, Folke- 
stone, Sept. 9 12, 1957, Paper. 30 pp. Consid- 
eration of structural safety in terms of fatigue 


and accidental damage. Includes a discussion of 


safe-life and fail-safe philosophies. 


Blast Loading of Aircraft Structures. Ray- 


mond L. Bisplinghoff and Emmett A. Witmer 
Anglo-Am. Aero. Conf., 6th, Folkestone, Sept. 9- 
12, 1957, Paper. 34 pp. 34refs. Discussion of 


the classical blast problem, including blast-in- 
duced and motion-induced air loads, as well as 
dynamic response consideration 


Beams & Columns 


On the Stresses in Beams with Discontinuous 
Cross Sections. Toshiro Suhara. Kyushu U., 
Rep. Res. Inst. Appl. Mech., No. 19, 1957, pp. 
115-121. Calculation based on the two-beam 
theory, considering a point load at the root notch 
as representing the stress concentration Results 
show a favorable agreement with experimental 
data 


The Plastic Bending of Heavily Curved Beams. 
Ww. Johnson and B. W. Senior. RAeS J., Dec., 
1957, pp. 824-830. Analysis showing that when 
heavily curved circular beams of constant cross 
section are subjected to a compressive load along 
the ‘‘open’’ diameter, the load for the start of 
significant deformation may be estimated by the 
use of rectangular plastic stress blocks, based on 
the yield stress of the material 


Cylinders & Shells 


A Donnell Type Theory for Asymmetrical 
Bending and Buckling of Thin Conical Shells. 


Paul Seide. (ASME Summer Conference, Berke- 
ley, Calif., June 13-15, 1957, Paper 57—-APM- 
42.) J. Appl. Mech., Dec., 1957, pp. 547-552 


Presentation of equations that reduce to Donnell’s 
equations for thin cylindrical shells when the 
cone semivertex angle becomes very small and the 
minimum radius of curvature of the median sur- 
face approaches a constant value. 


On Vibrations of Conical Shells. G. Herrmann 


and I. Mirsky. (Columbia U. Inst. Flight Struc. 
TN 4, Apr., 1957.) IAS 26th Annual Meeting, 
New York, Jan. 27-30, 1958, Preprint 766. 15 


pp. Members, $0.50; nonmembers, $0.85 


Stability Equations for Conical Shells. Joseph 
Kempner. J. Aero. Sci., Feb., 1958, pp. 137, 138. 


On the Buckling Problem of Shallow Spherical 
Shells Under External Pressure. H. J. Wei- 


nitschke. J. Aero. Sci., Feb., 1958, pp. 134, 
135. ONR-sponsored investigation. 

Cylindrical Shells Under Line Load. R. M. 
Cooper. (ASME Summer Conference, Berkeley, 
Calif., June 13-15, 1957, Paper 57—APM-28.) 
J. Appl Mech., Dec., 1957, pp. 553-558. ONR- 
sponsored investigation using shell equations 


which include the effect of transverse-shear de- 
formation. The results are in excellent agree- 
ment with those predicted by the Donnell equa- 
tions for the stresses. The radial displacement, 
however, is in error by 20 per cent 


Behavior of Cylinders with Initial Shell De- 
flection. M. E. Lunchick and R. D. Short, Jr 


(ASME Summer Conference, Berkeley, Caltf., 
June 13-15, 1957, Paper 57 APM-35.)_ J. 
Appl. Mech., Dec., 1957, pp. 559-564. Analysis 


of a cylinder subjected to external hydrostatic 
pressure using the mathematical expression for 
the initial deflection curve, resulting in expressions 
for the additional deflections and stresses caused 
by the initial deflection of the shell. 


The Effect of Internal Pressure on the Buckling 
Stress of Thin-Walled Circular Cylinders Under 
Combined Axial Compression and Torsion. J 
Aero. Sci., Feb., 1958, pp. 142, 143 


On the Conservativeness of Various Distribatet 
Force Systems. Sol R. Bodner. J. Aero. 
Feb., 1958, pp. 132, 133. Study of three tte 
systems and their properties with respect to the 
ring buckling problem. These force systems are: 
(1) hydrostatic pressure, (2) constant directional 
pressure, and (3) centrally directed pressure. 
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Elasticity & Plasticity 


Concerning the Rigidity of Elastic Structures. 
M. Zaid. J. Aero. Sci., Feb., 1958, pp. 141, 142. 
Analysis of some limitations of the theorem which 
states that adding material to any traction-free 
subsurface of a complex elastic structure results in 
a decrease in the deflection under each load, and 
vice versa. 

On the Most General Form of the Compatibility 
Equations and the Conditions of Integrability of 
Strain Rate and Strain. Edmund H. Brown. 
J. Res., Dec., 1957, pp. 421-426. Discussion of 
compatibility equations in terms of the material 
strain rate tensor and the rate of change of the 
Riemann-Christoffel curvature tensor during the 
deformations. 


The Flow Function and the Yield Condition for 
Non-Homogeneous Orthotropic Bodies. W. 
Olszak and W. Urbanowski. Acad. Pol. Sci. 
Bul., No. 4, 1957, pp. 191-203. Consideration of 
general notions of curvilinear orthotropy includ- 
ing elastic and plastic properties of the material 


Plates 


Buckling of Rectangular Plates with Two Un- 
supported Edges. P.Shuleshko. (ASME Sum 
mer Conference, Berkeley, Calif., June 13-15, 
Paper 57—APM-46.) J. Appl. Mech., Dec., 
1957, pp. 537-540. Consideration of the elastic 
stability, tabulation of the nondimensional co- 
efficient, and corresponding graphs. 


Influence of Width on Velocities of Long Waves 
in Plates. D. C. Gazis and R. D. Mindlin. 
(ASME Summer Conference, Berkeley, Calif., 
June 13-15, Paper 57—APM-29.) J. Appl. 
Mech., Dec., 1957, pp. 541-546. ONR-supported 
mathematical investigation carried out on the 
basis of approximate equations of motion. 

Stresses ina Plate Under Tension and Contain- 
ing an Infinite Row of Semi-Circular Notches. 
Akira Atsumi. ZAMP, Nov. 25, 1957, pp. 466- 
477. 10refs. Analysis to determine the stresses 
in a semi-infinite plate under uniform tension 
having a row of an infinite number of semi-circular 
notches. 

Stress Concentrations in a Strip Under Tension 
and Containing Two Pairs of Semicircular Notches 
Placed on the Edges Symmetrically. A. Atsumi. 
(ASME Summer Conference, Berkeley, Calif. 
June 13-15, 1957—Paper 57—APM-41.) J 
Appl. Mech., Dec., 1957, pp. 565-573. 14 refs 

Cylindrical Stress Waves in Flat Slabs. Nor- 
man Davids and Sudhir Kumar. Quart. J. 
Mech. & Appl. Math., Nov., 1957, pp. 465-481. 
OOR-sponsored development of Goodman’s 
solution for radially symmetric modes of stress 
wave propagation in infinite slabs, along with the 
determination of the various modes. 

The Design of Intermediate Vertical Stiffeners 
on Web Plates Subjected to Shear. L. H. 
Mitchell and K. C. Rockey Aero. Quart., Nov., 
1957, pp. 395, 396. Analysis in terms of Timo- 
shenko’s theory It is concluded that the theory 
is valid only for the case where the stiffeners are 
placed along a straight node of one of the harmon- 
ics of the buckling pattern in the unstiffened plate. 


Thermal Stress 


Alleviation of Kinetic Heating Stresses. James 
Taylor. Anglo-Am. Aero. Conf., 6th, Folkestone, 
Sept. 9-12, Paper. 22 pp. Development of 
methods for reducing thermal stresses and mate- 
rial temperatures in aircraft structures. Includes 
a simplified empirical procedure for rapid analysis 
applicable to any preliminary design study. 


Thermodynamics 


Thermal Conductivity and Prandtl Numbers 
for Nonpolar Polyatomic Gases at High Tempera- 
tures. Eldon L. Knuth. Jet Propulsion, Dec., 
1957, pp. 1,262, 1,263. Presentation of expres- 
sions for the calculation of the thermal conduc- 
tivity coefficient and of the Prandtl Number. 


Combustion 


_ An Isotopic Tracer Study of Carbon Formation 
in Hydrocarbon Flames. R. E. Ferguson. 
Comb. & Flame, Dec., 1957, pp. 431-437. OSR- 
supported analysis of the hypothesis that acety- 
lene is the last stable precursor to carbon in hy- 
drocarbon flames. Results show that carbon 
does not arise from a two-carbon fragment of pro- 
pane, and that if acetylene polymerization-de- 
composition is the mechanism of carbon forma- 
tion, the acetylene involved is not a product of 
simple fuel-degradation 


,_ Interpretation of the Sample Taken by a Probe 
in a Laminar Concentration Gradient. A. A. 
Westenberg, S. D. Raezer, and R. M. Fristrom. 
Comb. & Flame, Dec., 1957, pp. 467-478. Descrip- 
tion of a theoretical study, and solution of the 
diffusion equation by the relaxation technique. 
Results indicate that the sample entering the 
sink has a composition differing slightly from that 
of the unperturbed case. 


A Theory of Flame Propagation Limits Due to 
Heat Loss. E. Mayer. (ARDE TN 4555-6, 
June, 1957.) Comb. & Flame, Dec., 1957, pp. 


above Mach 6 the 


aircraft are different... 


AND SO IS THE AIR 


In the hypersonic regime, between Mach 
numbers of 6 and 30O, the ideal gas concept 
of air must be abandoned. 


The high temperatures associated with these speeds break down the oxygen and nitrogen 
molecules, and drastically change the composition and behavior of the air. For example: 
the specific heat can increase by a factor of more than 10, and the molecular weight can 
decrease to less than half of room temperature values. Together with other changes, these 
differences have a marked effect on aerodynamic phenomena. Air is no longer a well-known 
medium at hypersonic speeds, but an entirely different medium whose ramifications are 
just beginning to be recognized. 


Theoretical and experimental studies of this new medium are being conducted at the 
Cornell Aeronautical Laboratory, using a “family” of shock tubes and shock tunnels. In 
addition to basic calculations of thermodynamic properties, the Laboratory program includes 
studies in such areas as: hypersonic nozzle design, relaxation times for dissociation and 
recombination of air above 4000°K, optical radiation of high temperature air, and high 
temperature chemical reactions. 


This work in gasdynamics is typical of the many applied research projects active at C.A.L. 
— stimulating, technically challenging, and professionally significant. Our research program 
is unusually broad in scope, encompassing aerodynamics, flight research, advanced missile 
and aircraft design, and many other areas of modern flight. This broad program, coupled 
with our policy of assigning each staff member in accordance with his individual abilities 
and interests, makes it possible for us to offer outstanding employment opportunities to 
capable and imaginative men. 


FREE REPORT 


The story behind Cornell 
Aeronautical Laboratory 
and its contributions to 
aeronautical progress is 
vividly told in a 68- 
page report, ‘‘A Decade 
of Research.”’ Whether 
you are interested in 
C.A.L. as a place to 
work or as a place to 
watch, you will find “A 
Decade of Research”’ 
both useful and perti- 
nent. Mail in the cou- 
pon now for your free 
copy. 


sy CORNELL AERONAUTICAL LABORATORY, INC. 

of Cornell University 
J. A. Ruch 
CORNELL AERONAUTICAL LABORATORY, INC. 
Bu lo Or ew York 


hie a copy of ‘*A Decade of Research.’’ 
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438-452. 19 refs. OSR-supported deduction of 
flame-propagation limit criteria for the special 
cases of convective heat loss applicable to flame 
quenching in a circular tube, and rediative heat 
loss applicable to free flames near the composition 
limit. 


Studies in a New Type of Flat Flame Burner. 
William T. Biedler, 3rd, and H. E. Hoelscher 
Jet Propulsion, Dec., 1957, pp. 1,257-1,260. In 
cludes a detailed description of the design and 
performance characteristics of the device 

A Flow Reactor for High Temperature Reaction 
Kinetics. L. Crocco, I. Glassman, and I. E 
Smith. Jet Propulsion, Dec., 1957, pp. 1,266 
1,267. OSR-sponsored description of the new 
device for the study of the reaction kinetics of 
propellants 

Studies on the Oxidation of Hydrocarbons 
Under Extremely Clean Experimental Conditions. 
Z. G. Szabé and D. Gal. Comb. & Flame, Dec 
1957, pp. 404-419. Experiments carried out in 
an all-glass apparatus, employing Bodenstein 
glass valves and a quartz manometer as a null in 
strument. Experimental curves are plotted, and 
the catalytic effects of water, iodine, methyla 
mine, and nitric oxide are examined 

Eighth Quarterly Technical Status Report on 
Non-Stationary Surface Combustion Studies 
(Covering Period from 15 June 1957 to 15 Sept. 
1957.) ADC Rep. 410-R4/34, 1957. 6 pp 


Heat Transfer 


A Boundary Problem of Heat Conduction. 
W. Nowacki. Acad. Pol. Sci. Bul., No. 4, 1957 
pp. 205-212. Consideration of an elastic body 
with a steady concentrated heat source. The in 
tegral equations are reduced to a system of linear 
algebraic equations and solved in an approximate 
manner 


Heat Problems for a Laminar Stream Spread- 
ing Along a Wall. L. A. Vulis and A. T. Trofi 
menko. Sov. Phys Tech. Phys., Oct., 1957, pp 
2,616—2,620 

Unsteady Heat Convection Near a Horizontal 
Cylinder. GA Ostroumov. Sov. Phys Tech 
Phys., Oct., 1957, pp. 2,627-2,641 10 refs. Pres 
entation of solutions obtained for a system of dif 
ferential equations by successive approximations 


Tracks 


The Holloman Track. USAF MDC TR 57-1 
Sept., 1957 17 pp. Description of the rocket 
sled track and the related track facilities 

Captive-Dynamic Testing. Missile Des. & 
Devel., Dec., 1957, pp. 15-17. Consideration of 
rocket-sleds as major development tools for mod 
ern guided missiles 


Designing a Rocket Sled. William E. Reyn 
olds. The Frontier, Winter, 1957, pp. 17-20 
Description of a sled designed to obtain a velocity 
of 2,000 ft./sec., and capable of firing rockets for 
ward and rearward at angles from zero to 90° both 
in elevation and traverse 


VTOL & STOL 


NACA Research on VTOL and STOL Aero- 
planes. M. O. McKinney. Anglo-Am. Aero 
Conf., 6th, Folkestone, Sept. 9-12, 1957, Pape 
27 pp. 34 refs. Discussion includes considera 
tion of stability, control, and aerodynamics in 
hovering at low speeds. 

High Lift for Naval Work. Terence R. F 
Nonweiler. Aeronautics, Dec., 1957, pp. 25-27 
Discussion of the application of various types of 
high-lift devices to ship-borne aircraft 


Water-Borne Aircraft 


Investigation of High Length/Beam Ratio 
Seaplane Hulls with High Beam Loadings. XX 


Member Price $1 50 
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The Effect of Slipstream on Stability and Spray 
Characteristics. D. M. Ridland Gt. Brit., 
ARC CP 349 (Sept., 1955) 1957 55 pp. 24 
refs. BIS, New York, $1.35. Presentation of 
results, which show, that in general increases in 
thrust coefficient improved longitudinal stability, 
spray characteristics, and elevator effectiveness, 
s well as a method of applying these results to 
her models 


On Certain Integrals Occurring in a Hydrody- 
namical Problem. G. F. Miller. Royal Soc 
London) Proc., Ser. A, Dec., 1957, pp. 65-77 
Development of a mathematical theory for certain 
integrals involving Bessel functions which occur 

the problem of the movement of a planing 
wedge along a water surface 


Full Scale Measurement of Impact Loads ona 
Large Flying Boat (Sunderland Mk. 5). III 
Data for Impacts on Main Step. IV—Data for 
Impacts on the Afterbody. V—Results of Rough 
Water Tests. R. Parker. Gi. Brit.,. ARC CP 
340; CP 341; CP 342, 1957. 37; 37; 47 pp 
BIS, New York, $1.08; $0.90; $1.35 


Wind Tunnels & Research Facilities 


Testing Tomorrow’s Aircraft. R. K. Collins 
and W. J. Walker Westinghouse Engr Nov 
pp. 189-193. Discussion of various types 
wind tunnels and research facilities and of 
their use in research and development 


Development of a Piston-Compressor Type 
Light-Gas Gun for the Launching of Free-Flight 
Models at High Velocity. Appendix A—Effects 
of Air Resistance and Bore Friction. Appendix 
B—Mbodifications to Performance Charts. Ap 

ndix C-—-Computational Procedure for Per- 
formance of Piston-Compressor Type Light-Gas 
Gun. A.C. Charters, B. Pat Denardo, and Ver- 
non J. Rossow U.S., NACA TN 4143, Nov 

57. 95 pp. 19 refs. Presentation of design 

ra gun capable of firing models at velocities up 

5.000 ft./sec. The firing trials show good 
reement between predicted and measured ve- 
cities and pressures 


Ultrasonic Relaxation and Attenuation in 
Freons, in Relation to Their Use in Supersonic 
Wind Tunnels. Y. Miyahara and E. G. Richard 

Gt. Brit., ARC CP 356 (Nov., 1956) 1957 
27 pr 14 refs BIS, New York, $0.72 Inves 
tigation into the use of freon for supersonic tun 
ne when it is desired to obtain a high Mach 
. ber without great expenditure of power It 
own that these vapours have ultrasonic re 
ixation times in the neighborhood of 10~7 sec., 
pled with high-absorption coefficients in the 
rasonic range 


The Versatile Hurricane. Ward Lauren 


S i Winter, 1957, pp. 5-10. Description of 
North American’s wind tunnel capable of speeds 
Mach 3.5 


Mechanical Design and Fabrication of Strain- 
Gage Balances. Raymond M. Hansen. (NATO 
1GARD 8th Wind Tunnel. and Model Testing 
P Rome, Feb. 20-25, 1956.) NATO AG 
i1RD Rep. 9, Feb., 1956. 14 pp 


Testing the Air-Breathers Turbojets and Ram- 
jets ‘‘Fly’’ at Tullahoma. CEC Recordings, 
Nov.-Dec., 1957, pp. 12-14. Discussion of tests 
conducted in sealed test cells at altitudes from 
s el to above 80,000 ft., at —120 to +650°F., 
1a Mach Number range of 2 to 3.5 


Mesure et Enregistrement des Mesures s.r les 
Balances a Jauges a Fil Résis- 
tant M. Bassiére ATO AGARD 8th Wind 

7 and Model Testing Panel, Rome, Feb. 20- 

1956.) NATO AGARD Rep. 14, Feb., 
19 pp. In French. Development of a 
for noting aerodynamic measurements 
h combines a recorder especially suitable for 
measurements using strain-gage bridges, with a 


> 


AVAILABLE 


The National Midwestern Meeting—Weapons System Management Proceedings contains all unclassified 
papers presented at the meeting. 


coding device which enables the measurements to 
be noted or recorded on punched cards. 


Elevated Stagnation Temperature and Strain 
Gauge Balances in the Instrumentation of a 
Supersonic Wind Tunnel. G. P. Tonkin. (NA- 
TO AGARD 8th Wind Tunnel and Model Testing 
Panel, Rome, Feb. 20-25, 1956.) NATOAGARD 
Rep. 15, Feb., 1956. 52 pp. 1l refs 


Evaluation and Calibration of Wire-Strain- 
Gage Wind Tunnel! Balances Under Load. Ray- 
mond M. Hansen NATO AGARD 8th Wind 
Tunnel and Model Testing Panel, Rome, Feb. 20 
25,1956.) NATO AGARD Rep. 13, Feb., 1956. 
17 pp 


The High-Altitude Test Plant. Bristol Quart., 
Autumn, 1957, pp. 160-164. Description of a 
wind-tunnel for testing ramjets capable of provid- 
ing conditions equivalent to speeds of more than 
Mach three and altitudes up to 90,000 ft 


Special Types of Internal Strain Gage Balances, 
T. L. Smith. (NATO AGARD 8th Wind Tun- 
nel and Model Testing Panel, Rome, Feb. 20-25, 
1956.) NATO AGARD Rep. 7, Feb., 1956 ll 
PP 

Special Applications of Strain-Gage Balances 
Used in the Supersonic and Hypersonic Wind Tun- 
nels at the U. S. Naval Ordnance Laboratory. 
James R. Lightfoot and Charles E. White. (NA- 
TO AGARD 8th Wind Tunnel and Model Testing 
Panel, Rome, Feb. 20-25, 1956.) NATO AGARD 
Rep. 8, Feb., 1956 13 pp 


Development of a 400-CPS Servo Recorder. 
Ralph E. Klautsch. USAF AEDC TN 57-47 
[AD 144321|, Dec., 1957. 20 pp. General de- 
scription of the device, and a detailed explanation 
of various circuits used in this system. Certain 
developmental problems are also discussed 


Strain Gauge Balances for Wind Tunnels; an 
Outline of Practice in the United Kingdom. J 
R. Anderson NATO AGARD 8th Wind 
Tunnel and Model Testing Panel, Rome, Feb. 20 
25, 1956.) NATO AGARD Rep. 5, Feb., 1956 
67 pp 

A Note on a Half-Model Strain-Gauge Balance. 
N. C. Lambourne \ 1TO AGARD 8th Wind 
Tunnel and Model Te Panel, Rome, Feb 
20-25, 1956.) NATO AGARD Rep. 11, Feb 
1956. 7 pp. Description of a strain gage used 
at the British National Physical Laboratory, de 
signed to measure four components on half mod 
els: normal force, longitudinal force, pitching 
moment, and rolling moment 


Problems Involved in Precision Measurements 
with Resistance Strain Gages. Keith H. Mc 
Farland and John Dimeff. (NATO AGARD 
8th Wind Tunnel and Model Testing Panel, Rome, 
Feb. 20-25, 1956.) VATO AGARD Rep. 122, 
Feb., 1956. 17 pp. refs 

Some Strain Gage Balances Used in French 
Wind Tunnels. P Rebuffet (NATO AGARD 
8th Wind Tunnel and Model Testing Panel, Rome, 
Feb. 20-25, 1956.. NATO AGARD Rep. 6-T, 
Feb., 1956 64 pp 


Development of Half-Model Wind Tunnel Bal- 
ances. (NATO AGARD 8th Wind Tunnel and 
Model Testing Panel, Rome, Feb. 20-25, 1956.) 
NATO AGARD Rep. 10, Feb., 1956. 35 pp 
Description of three designs of half-model three 
component balances. In all balances, strain 
gauge transducers are used for measurement of 
forces and moments 

Flow Visualization. A. M. Lippisch. Aero. 
Eng. Rev., Feb., 1958, pp. 27-32, 36. Discussion 
of testing methods, and a description of two- and 
three-dimensional smoke tunnels 


Wind Tunnels Bolster America’s New Sky De- 
fense. M. D. Horton. G-E Rer., Nov., 1957, 
pp. 33-38. Description of the wind tunnel facili- 
ties of the NACA at its three major laboratories 
and at the Air Force Arnold Engineering Develop- 
ment Center 


Nonmember: Price $2.50 
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COMPUTERS 


Faster, Faster; A Simple Description of a 
Giant Electronic Calculator and the Problems it 
Solves W. J. Eckert and Rebecca Jones. New 
York, McGraw-Hill Book Company, Inc., 1955. 
160 pp., illus., diagrs. $3.75. 

Explanation, in nontechnical language, of how 
a calculator operates, the nature of the problems 
it solves, and how the problems are presented to 
the calculator. The calculator covered is the 
IBM NORC, designed and built for the Bureau of 
Ordnance of the U.S. Navy as a research and de- 
velopment project. It conforms to a pattern 
common to all large electronic calculators so that 
readers will be able to understand the operation 
of all calculators in this class 

The authors are affiliated with the Watson 
Scientific Computing Laboratory, Columbia 
University 


DICTIONARIES 


Russian-English Glossary of Electronics and 
Physics. New York, Consultants Bureau, Inc., 
1957. 354 pp. $10 

This glossary is a compilation of Russian terms 
used in the various specialized fields of electronics 
It includes terms from thousands of pages of 
the most recent issues of Soviet journals, includ- 
ing Automation and Remote Control, Journal of 
Technical Physics, and Radio Engineering and 
Electronics. To this is added an appendix con- 
taining circuit notation, United States equivalents 
for vacuum tubes, and other information not 
found in other technical dictionaries. 


DOCUMENTATION 


Progress Report in Chemical Literature Re- 
trieval; Based on Symposia of the Division of 
Chemical Literature, American Chemical Society, 
Held in Minneapolis, Minn., September, 1955, 
and in Dallas, Tex., April, 1956. Edited by 
Gilbert L. Peakes, Allen Kent; and James W. 
Perry. (Advances in Documentation and Li- 
brary Science, Vol. 1.) New York, Interscience 
Publishers, Inc., 1957. 217 pp., illus., diagrs. 
$4.75. 

Contents: (1) The Engineering Approach to 
Chemical Literature, James H. Wiegand and 
James W. Perry. (2) Elementary Punched-Card 
Principles, Harry C. Zeisig, Jr. (3) Contributions 
to the Theory of Automatic Information Re- 
trieval, Ascher Opler. (4) Coding Several 
Types of Chemical Patent Abstracts, for Punched- 
Card Use, Elizabeth W. Tapia. (5) A Tech- 
nical Information Service Using Punched Cards 
for Indexing and Retrieval, W. S. Jones and P. H. 
Butterfield. (6) Advances in Mechanization of 
Patent Searching, B. E. Lanham, J. Leibowitz, 
and H.R. Koller. (7) Patent Specification Ma 
chine Searching in the Field of Organic Chemistry, 
Henry L. Higginson and Anita Poplawska. (8) 
Experience with a Notched-Card File of Geo- 
chemical Data, Michael Fleischer. (9) Coding 
of Hammett Rho-Values on Punched Cards, H. H. 
Jaffé. (10) Two Approaches to the Retrieval 
of Information from a Special Library: (a) Appli- 
cation of a Simple Punched-Card System to a 
Special Information Center, Curtis L. Brown. 
(b) Application of the Uniterm System and the 
Association of Ideas to a Special Library File, 
Mortimer Taube. (11) The Unit Card System 
in the Indexing of Internal Technical Reports, 
Gilbert L. Peakes. (12) How Punch Cards Aid 
in Medical Research, Robert P. Gage. (13) In- 
dexing of Fuel and Lubricant Additives by Ma- 
chine-Sorted Punched Cards, Margaret H. 
Graham, Barbara S. Hildebrand, and B. H. 
Weil. (14) Statistical Survey of Chemical Struc- 
ne Karl F. Heumann and Estaleta Dale. 
ndex. 


ELECTRONICS 


Industrial Electronics Handbook. R. Kretz- 
mann. 2nd Ed. New York, Philosophical Li- 
ey: 1957. 298 pp., illus., diagrs., tables. 

The first part of this book dealing with elec- 
tronic circuits employing highly evacuated or 
gas-filled discharge tubes describes the principles 
and properties of the various classes of electronic 
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tubes, together with typical applications and 
circuits. In the second part, a separate chapter 
is devoted to each of the main types of appli- 
cation, such as electronic relays, counting circuits, 
etc. A large number of practical examples are 
given; the operation of each being described in 
considerable detail with fully designed circuits 

The work aims to aid technicians engaged in the 
supervision or maintenance of industrial equip- 
ment, industrial engineers in the mechanical and 
electrical fields who desire to acquaint themselves 
with the possibilities of electronic control and the 
methods of application, and students at technical 
colleges and universities. 

Industrial Electronics Circuits. R. Kretz- 
mann. Translated from the German by D. J. 
Mitchell. New York, Philosophical Library, 
1957. 194 pp., illus., diagrs. $10. 

A sequel to the Industrial Electronics Handbook, 
this work describes the functions of some 200 
various circuit elements and supplies comprehen- 
sive information on the actual component values. 
Instructive examples are given of photoelectric 
control devices, counting circuits for various pur- 
poses, stabilizing circuits, switching and control 
circuits, amplifiers and oscillators, rectifying cir- 
cuits, and motor controls. 

It is expected that the work will find appli- 
cation in all branches of the manufacturing indus- 
try and will also be of use to physicists, engineers, 
and technicians concerned with the development 
and design of electronic apparatus, as well as to 
students. 


FLUID MECHANICS 


Proceedings of the Fifth Midwestern Con- 
ference on Fluid Mechanics; Held at The Uni- 
versity of Michigan, April 1-2, 1957. Ann Arbor, 
The University of Michigan Press, 1957. 388 
pp., illus., diagrs., tables. $8.00. 

Contents: Stability of Flows: (1) On Forced 
Oscillations in Rotating Fluids, Henry Gortler 
(2) Effect of Chemical Reaction on the Inviscid 
Criterion for Laminar Stability of Parallel Flows, 
S. F. Shen. (3) On the Hydrodynamic Stability 
of Curved Laminar Compressible Flows, M. 
Lessen. Laminar Flows: (1) Laminar Convec- 
tion of Heat from Two-Dimensional Bodies with 
Variable Wall Temperatures, C. R. Guha and 
Chia-Shun Yih. (2) Plane Couette Flow at 
Low Mach Number According to the Kinetic 
Theory of Gases, Hsun-Tiao Yang and Lester 
Lees. Turbulent Flow: (1) The Turbulent Ve- 
locity Distribution in Rough Pipe, James M. 
Robertson. (2) An Approximate Equation for 
the Mean Velocity Distribution in an Incompres- 
sible Turbulent Boundary Layer, Virgil A. 
Sandborn. (3) Turbulent Skin-Friction Meas- 
urements on a Smooth Flat Plate in Incompres- 
sible Flow, Donald W. Smith. (4) Incompres- 
sible Friction Factor, Transition and Hydro- 
dynamic Entrance-Length Studies of Ducts with 
Triangular and Rectangular Cross Sections, E. R. 
G. Eckert and T. F. Irvine, Jr. (5) Heat-Trans- 
fer Characteristics of Periodically Pulsating Tur- 
bulent Pipe Flow, Wheeler K. Mueller. (6) Ad- 
vances in Understanding the Mechanism of 
Turbulent Fluid Motion, Max M. Munk. 

Supersonic Flows: (1) Ona Mechanism for the 
Interactions of Plane Traveling Shock Waves 
Striking Rigid Grid-Like Structures Head-On, 
Harold O. Barthel. (2) The Pressure on a Blunt 
Trailing Edge Separating Two Supersonic Two- 


POOR... 


Dimensional Air Streams of Different Mach 
Number and Stagnation Pressure but Identical 
Stagnation Temperature, H. H. Korst and Wilson 
Tripp. Hypersonic Flow: (1) An Inverse Prob- 
lem in Hypersonic Viscous Flow, Ting Yi Li. 
(2) Preliminary Test Results with an Arc-Heated 
Hypersonic Wind Tunnel at Mach Numbers of 
10 to 20, W. N. MacDermott. (3) Flow in the 
Forward Stagnation Region of Blunt Bodies, 
Robert W. Truitt. Magneto-Gasdynamics: (1) 
One-Dimensional Unsteady Flow of Magneto- 
Gasdynamics, S. I. Pai. Gas Jets in Liquids: 
(1) Production of Bubbles by the Disintegration 
of Gas Jets in Liquid, Edward Silberman. Slider 
Bearings: (1) Numerical Methods of Solution 
of the Adiabatic Slider Bearing Without Side 
Leakage, Willis H. Guilinger and Edward Saibel. 

Free Surface: (1) Ellipse-Fitting Approxima- 
tion of Two-Dimensional, Normal Symmetric 
Impact of Rigid Bodies on Water, Andrew G. 
Fabula. (2) The Waves Generated by the For- 
ward Motion of Oscillatory Pressure Distribu- 
tions, Paul Kaplan. (3) The Virtual Mass of 
Cylindrical Bodies at a Free Surface, Thomas E. 
Stelson and Joseph P. Murtha. Marine Appli- 
cations: (1) A Simplified Theory for the Thrust 
Deduction Force on a Body of Revolution, John 
P. Breslin. (2) Lift and Wave Drag of Hydro- 
foils, A. G. Strandhagen and G. R. Seikel. 
General Fluid Mechanics: (1) The Dying Vortex, 
Albert de Neufville. (2) On the Possibility of 
the Formulation of a Quantum Fluid Dynamics 
Theory, M. Z. v. Krzywoblocki and C. G. Whit- 
tenbury. 


Water Waves; The Mathematical Theory with 
Applications. J. J. Stoker. New York, Inter- 
science Publishers, Inc., 1957. 567 pp., illus., 
diagrs. $12. 

In presenting this connected account of the 
mathematical theory of wave motion in liquids 
with a free surface and subjected to gravitational 
and other forces, together with applications to a 
wide variety of concrete physical problems, the 
author has tried to plan the book in order that it 
should be as much as possible a self-contained 
and readable whole. The fundamental back- 
ground in hydrodynamics is supplied, as is some 
of the mathematics needed. 

Part I presents the derivation of the basic 
hydrodynamic theory for nonviscous incompres- 
sible fluids and also describes the two principal 
approximate theories which form the basis upon 
which most of the remainder of the book is built. 
Part II is based on the approximate theory which 
results when the amplitude of the wave motions 
considered is small. Part III is concerned with 
problems involving waves in shallow water, while 
Part IV deals with problems solved in terms of the 
exact theory—in particular, with the use of the 
exact nonlinear free surface conditions. The 
author is with the Institute of Mathematical 
Sciences, New York University. 


GEOPHYSICS 


Once Round the Sun; The Story of the Inter- 
national Geophysical Year. Ronald Fraser. 
New York, The Macmillan Company, 1957. 
160 pp., illus., diagrs. $3.95. 

This book will answer for many readers such 
questions as why an 18-month period was set 
aside for the International Geophysical Year and 
what we hope to learn through the coordinated 
efforts of scientists from 64 countries of the world. 
Highlighting the importance of the sun in the 
study of geophysics, the author covers all phases 
of the sun’s behavior and its various effects on the 
earth. The book’s detailed coverage of the IGY 
includes discussions of the 24-hour watch on the 
sun, the oceanographic program, and the concen- 
tration of stations from pole to pole and presents 
information on rocket and satellite plans. In 
summing up, the author shows how the increased 
knowledge which we expect to gain about upper 
and lower atmosphere will prove valuable in 
weather forecasting, agriculture, shipping, air 
navigation, and radio transmission. 

The author is Administrative Secretary of the 
International Council of Scientific Unions, the 
nongovernmental organization which has spon- 
sored the worldwide operation of the IGY 
1957-1958. 
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ENGINEERS Aerodynamics « Propulsion 


Information manual 
about APL and its 


current programs 


now available 


The Applied Physics Laboratory (APL) of 
The Johns Hopkins University is unique in that 
we are neither an industrial nor an academic 
organization, but rather a composite, having 
drawn freely from the methodologies of each. 

For thirteen years APL has pioneered in 
guided missiles. Today we are engaged in a 
broad program of R & D for the Navy; in 
addition, we are responsible for technical direc- 
tion of industrial and academic contractors in 
developing the Terrier, Talos and other major 
weapons and weapons systems. Our staff mem- 
bers enjoy not only the stimulus of association 
with their immediate colleagues at APL, but 
also with those in other organizations of con- 
siderable stature. 


NEW 30-PAGE PUBLICATION 


t A few positions for senior engineers and scientists 7 
are now open. Information on our accomplishments 
and goals is available in a new 30-page publication, 
just off the press. 

_In it staff leaders representing each of the various 
disciplines and fields outline the nature of their 
programs. Information on our new laboratory in 
Howard County, Md. (equidistant between Balti- 
more and Washington) is also included, together 

: with facts on the outstanding communities in which 
our staff members live. 


Quantity is somewhat limited. May we suggest you send now to 


Professional Staff Appointments 


The Johns Hopkins University 
Applied P hysics Laboratory 


8605 Georgia Avenue Silver Spring, Md. 
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HYDRAULIC EQUIPMENT 


7th Annual Aircraft Hydraulics Conference, 
Detroit, Mich., November 12-13, 1957. Spon- 
sored by Aero Hydraulics Division, Vickers Incor 
porated, Detroit Detroit, Witte & Burden, 
1957. 283 pp., illus., diagrs 

Contents: Selection of Airborne Auxiliary 
Power Transmission Systems, Robert McJones 
What Hydraulics Can Do, Frank Moncher 
Optimizing the Hydraulic System Through High 
Temperature Compatibility, George Keller. 
Optimization Through a Load-Sensitive (Vari 
able Pressure) Hydraulic System, William Patter- 
son. Optimization Study of Hydraulic Trans- 
mission Lines, Robert McJones. Selection of 
Optimum Pressure, Conrad Cooke. Practical 
Experience With a 4000 PSI System, Bryan 
Wood. Optimizing Hydraulic Component De- 
sign, Charles Cannon. Optimization Through 
Integration of Sub-Systems, Edward I. Brown. 
Design and Operational Considerations for Con 
tamination Control in High Performance Air- 
craft Hydraulic Systems, John Boucher. Clean 
Pumps for Clean Systems, Arthur Billet. The 
Caravelle Hydraulic System, Robert Blanchet 


INSTRUMENTS 


Engineering Precision Measurements. A. W, 
Judge. 3rd Ed London, Chapman & Hall, 
Ltd., 1957. 447 pp., illus., diagrs., tables. 65s. 

As with the two previous editions, the scheme 
of the present book is to give a survey of the 
methods, machines, and instruments available for 
making the various engineering measurements 
coming within its scope A considerable amount 
of new material has been included and some of the 
earlier matter deleted In particular, four new 
chapters have been added, dealing with slip 
gages, straightness and flatness measurements, 
interferometry methods, and surface finishes. In 
view of the interest in automation, a brief account 
of automatic gaging and work-sizing is given 

The author is an Associate of the Royal College 
of Science, London 


MATERIALS 


Engineering Materials Handbook. Prepared 
by a Staff of Specialists; Charles L. Mantell, 
Editor-in-Chief. New York, McGraw-Hill Book 
Company, Inc., 1958 1,980 pp., diagrs., tables. 
$21.50 

Prepared as an aid to all concerned with the 
design, structure, and serviceability of engineering 
materials, this handbook makes quickly avail- 
able technical tables, design information, struc- 
tural characteristics, and tabular data and answers 
both routine and unusual problems that crop up 
whenever engineering materials are being se- 
lected. Throughout the book materials are 
considered from the viewpoint of engineering 
structures, machinery, and equipment, and the 
emphasis is placed on the fabricated forms of 
materials, their physical and mechanical proper- 
ties, their adaptations, advantages, limitations, 
competition with each other, protection against 
deterioration, and increase in their stability to 
withstand use and abuse. In line with today’s 
needs, the Handbook covers such items as the 
uncommon metals which are rapidly reaching 
commercial importance and production, and the 
materials of construction of apparatus of control 
and utilization of atomic forces and fission prod- 
ucts. 

The editor is Chairman of the Department of 
Chemical Engineering, Newark College of Engi- 
neering. 


MATHEMATICS 


Ordinary Difterence-Differential Eauations. 
Edmund Pinney Berkeley, Calif., University of 
California Press, 1958. 262 pp., diagrs. $5.00. 

In this work, which provides practical tech- 
niques for treating ordinary difference-differential 
equations, the author presents the practical theory 
of these equations, with progressively difficult 
examples of applications. An introductory sec- 
tion briefly indicating the nature and use of vari- 
ous methods of solution is followed by a develop 
ment of the general theory of a wide class of equa- 
tions and a discussion in detail of the infinite-series 
solution and methods of finding the roots of the 
characteristic equation. The author also spe- 
cializes the general theory to deal with first- and 
second-order mixed difference-differential equa- 
tions and treats numerous special equations, some 
of them quite recondite. It is believed that this 
book will be of special interest to electronic engi- 
neers, aeronautical engineers dealing with high 
speed theory, mathematical economists, mathe- 
matical biophysicists, and applied mathematicians 
generally. 

The author is Associate Professor of Mathe- 
matics, University of California, Berkeley, 

Symposium on Design of Industrial Experi- 
ments; Held at North Carolina State College, 
November 5-9, 1956. Edited by Victor Chew. 
Conducted by the Institute of Statistics; Spon- 
sored by the Air Force Office of Scientific Re- 
search. (AFOSR TN 57-778.) Raleigh, N.C., 
Institute of Statistics, 1957. 374 pp., diagrs., 
tables. 

Presentation of 14 papers, grouped under three 
main headings: review of experimental designs 
useful in industrial research, industrial experi- 
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ences with experimental designs, and selected 
topics from recent research. A bibliography on 
the industrial applications of experimental de- 
signs (particularly fractional factorials and re- 
sponse surface-fitting methodology) is included. 


MECHANICS 


Proceedings of the Third Midwestern Confer- 
ence on Solid Mechanics; Held at The University 
of Michigan, April 1-2, 1957. Ann Arbor, The 
University of Michigan Press, 1957. 250 pp., 
diagrs., tables. $5.50 

Contents: Pitching Instability of Rigid Lift- 
ing Surfaces on Viscoelastic Supports in Subsonic 
or Supersonic Potential Flow, Harry H. Hilton. 
On the Motion of a Thermo-Viscoelastic Solid, 
Martin Lessen Approximate Yield Conditions 
in Dynamic Plasticity, P. G. Hodge, Jr., and 
Burton Paul. Damping of Vibrations in Elastic 
Rods and Sandwich Structures by Incorporation 
of Additional Viscoelastic Material, H. J. Plass, 
Jr. Thermal Stresses in an Infinite Plate of 
Arbitrary Thickness, E. L. McDowell. Elastic 
Stability of Conical Shells Loaded by Uniform 
External Pressure, C. E. Taylor. Torsion with 
Warping Restraint of Tapered Beams, Madeline 
Goulard, Hsu Lo, and R. J. H. Bollard. A Theo 
retical and Experimental Investigation of the 
Stability of a Hovering Helicopter Rotor Blade, 
John Zvara. Reflection and Transmission of 
Elastic Pulses in a Bar at a Discontinuity in Cross 
Section, E. A. Ripperger and H. Norman Abram- 
son. The Timoshenko Beam on an Elastic 
Foundation, Stephen H. Crandall On Rotating 
Blades with Flexible Mounting, Hsu Lo and C. E. 
Danforth. The Bending Vibrations of a Twisted 
Rotating Beam, Walter P. Targoff. Effect of 
Damping on Vibration Frequencies of Simple Sys- 
tems, L. E. Malvern Bending-Torsion Flutter 
Sensitivity in Incompressible and Supersonic 
Flow, A. S. Richardson, Jr. Flutter of Curved 
Plates with Edge Compression in a Supersonic 
Flow, Y. C. Fung 


METEOROLOGY 


The Physics of Clouds. B.J. Mason. Oxford, 
Eng., The Clarendon Press, 1957. 481 pp., illus., 
diagrs., tables. $11.20 

The publishers consider this to be the first 
comprehensive and detailed account of modern 
researches, both experimental and theoretical, 
on the microphysical processes of nucleation, con 
densation, droplet growth, initiation and growth 
of snow crystals, and the mechanisms of precipi- 
tation release. It also includes a critical ap- 
praisal of the present status of rainmaking experi- 
ments and chapters dealing with radar studies of 
precipitating clouds and the electrification of 
clouds. As a textbook, it is designed to give the 
student the necessary background to carry out 
independent work. As a reference book for the 
research worker, it provides an integrated account 
of the major developments in this field. Al- 
though written primarily for the atmospheric 
physicist, it contains much of interest for those in 
the fields of nucleation phenomena, crystal 
growth, and aerosol physics. 

The author is with the Department of Meteor- 
ology, Imperial College of Science and Tech 
nology, London. 


NAVIGATION 


The American Flight Navigator. John Dohm. 
North Hollywood, Calif., Pan American Navi- 
gation Service, 1958. 352 pp., illus., diagrs., 
tables. $6.50. 

Developed for the layman and student, this 
complete but concise study of the methods and 
equipment used in international transport navi 
gation emphasizes operations of United States 
flag carriers. Chapters are included not only on 
the traditional methods of long-range naviga- 
tion (such as dead reckoning, celestial, radio, and 
loran) but also on such new and forthcoming tech- 
niques as Doppler navigation and Navarho. 
Polar navigation and jet-transport navigation are 
also treated. 

A special feature of the book is the presenta- 
tion of the comprehensive written examinations 
(plus answers, plotting charts, Almanac excerpts, 
Civil Air Regulations, and all other necessary 
working material) designed to prepare students for 
the CAA’s civil Flight Navigator Certificate. 


The author is Editor of the Journal 
stitute of Navigation. 


of the In- 


PHYSICS 


Solid State Physics; Advances in Research and 
Applications, Vol. 5. Edited by Frederick Seitz 


and David Turnbull. New York, Academic 
Press, Inc., 1957. 455 pp., diagrs., tables. $11 
Partial Contents: Galvanomagnetic and 


Thermomagnetic Effects in Metals, J.-P. Jan. 
Luminescence in Solids, Clifford C. Klick and 
James H. Schulman. Space Groups and Their 
Representations, G. F. Koster. Shallow Im 
purity States in Silicon and Germanium, W 
Kohn. Quadrupole Effects in Nuclear Magnetic 
Resonance Studies of Solids, M. H. Cohen and 
F. Reif. Author Index. Subject Index 

The Relativistic Gas. J. L. Synge. Amstere 
dam, North-Holland Publishing Company; New 
York, ges Publishers, Inc., 1957. 168 
pp., diagrs. 

The purpose a this book is to develop in a 
simple way some formulas for a relativistic gas— 
that is, a system of material particles (and per- 
haps photons) which, by elastic collisions be- 
tween them, take up certain equilibrium distri- 
butions. The author, who is with the School of 
Theoretical Physics, Dublin Institute for Ad 
vanced Studies, has developed his subject from the 
point of view of the relativist seeking knowledge 
about gases rather than for the expert in statis- 
tical mechanics who wishes to delve into relativity 

Contents: I. Geometrical Preliminaries. (1) 
The Scope of the Theory. (2) Momentum 4- 
Space. (3) The Absolute 2-Content of a 3-Cell of 
a Pseudosphere. (4) The Absolute 2-Content of 
a 3-Cell of the Null Cone. II. The Distribution 
Function. (5) The Distribution Function for a 
Discrete Complex of World Lines. (6) Invari- 
ance of the Distribution Function. (7) The Dis- 
tribution Function in the Case of No Collisions 
8) Velocity-Space. (9) Complete Chaos and 
Equal a Priori Probabilities. III. Energy 
Tensor, Numerical Flux-Vector, Entropy Integral. 
(10) The Energy Tensor. (11) The Numerical 
Flux-Vector. (12) The Entropy Integral. IV. 
Distribution Function for a Simple Gas or a Mix- 
ture. (13) The Distribution Function for a 
Simple Gas. (14) The Distribution and Equa- 
tions of Motion for a Simple Gas Composed of 
Material Particles. (15) The Distribution and 
Equations of Motion for a Simple Gas Composed 
of Photons. (16) The Distribution and Equa- 
tions of Motion for a Mixture. V. Tempera- 
ture, Most Probable Speeds, Distribution of 
Energy. (17) Temperature and Effective Tem 
perature. (18) The Most Probable Speed for a 
Material Particle and the Most Probable Fre- 
quency for a Photon. (19) Distribution of 
Energy in a Mixture of Gases. VI. First Inte- 
grals, Adiabatic Laws, Equipartition. (20) First 
Integrals of the Equations of Motion. (21) The 
Adiabatic Laws. (22) Averages and Equiparti- 
tion. VII. Shock Waves. (23) Wave Velocity. 
(24) Shock Waves ina Relativistic Gas. (25) The 
Speed of a Shock Wave. (26) The Speed of 
Sound. (27) Thermodynamics. (28) The Ir 
reversibility of Shocks. (29) Some Inequalities 
for Bessel Functions. Appendix: The Radiation 
Field in a Moving Gas. 


REFERENCE WORKS 


Van Nostrand’s Scientific Encyclopedia. 3rd 
Ed. Princeton, N.J., Van Nostrand Com- 
pany, Inc., 1958. 1 1839 PP., diagrs., illus., tables. 
$30 

This greatly enlarged and completely revised 
third edition of a standard one-volume scientific 
and engineering encyclopedia defines and explains 
some 15,000 terms of fundamental interest. 
These are arranged alphabetically, and an exten 
sive system of cross-indexing has been developed 
to enable the reader to find the substantive facts 
that bear directly on each topic included. 

The fields covered are aeronautics, astronomy, 
botany, chemical engineering, chemistry, civil 
engineering, electrical engineering, electronics, 
geology, guided missiles, mathematics, mechanical 
engineering, medicine, metallurgy, meteorology, 
mineralogy, navigation, nuclear science and engi- 
neering, photography, physics, radio and tele- 
vision, statistics, and zoology. 

Because of the progressive development of the 
discussion of each topic—i.e., beginning with a 


simple definition expressed in the plainest of 
terms and progressing to a discussion in technical 
terms of the more detailed aspects of the topic 
treated—those articles of a highly technical na- 
ture may be of value both to the inquiring lay 
reader and to the trained technician. Articles 
dealing with simple concepts dre, of course, treated 
generally in simple terms. 

Although the publishers are aware that any one- 
volume work cannot be all-inclusive, they feel 
that the comprehensiveness of the book is note- 
worthy both in the scope of the terms covered and 
in the breadth of the treatment in the individual 
article, and that it is a book to be kept on the 
shelf with the few basic volumes that are used 
éverywhere for essential day-to-day reference. 


REPORT WRITING 


Technical Report Writing. James W. Souther. 
New York, John Wiley & Sons, Inc., 1957. 70 
pp., diagrs., tables. $2.95. 

This book makes available to undergraduates 
and practicing engineers alike a short, concise, 
yet broad treatment of the fundamentals of 
technical writing. The treatment is basically a 
design approach: the principles of engineering 
design, translated to the terms of writing, are 
applied to the solution of reporting problems. 
The book emphasizes method and centers on the 
writing process; it stresses the factors the writer 
must consider and the processes he must follow 
in writing a report. Report form is related to 
the use to be made of the report, and report lay- 
out is presented as a design tool, representing a 
graphic extension of the organization of the ma- 
terial in the report. 

The author is Associate Professor of Human- 
istic-Social Studies and Assistant Dean, College 
of Engineering, University of Washington. 


THERMODYNAMICS 


Heat Transfer, Vol. 2. Max Jakob; with the 
Technical and Editorial Assistance of Stothe 
Peter Kezios. New York, John Wiley & Sons, 
Inc., 1957. 652 pp., diagrs., tables. $15 

In this continuation of his attempt to present 
the subject of heat transfer in great detail from 
the combined viewpoints of the engineer, physi- 
cist, and mathematician, the author deals mainly 
with selected fields of heat-transfer application. 
He also offers a comprehensive analysis and dis- 
cussion of heat radiation in spaces of simple con 
figuration. Material in the first volume which 
needs additions or modifications as a result of later 
developments is brought up to date in a section 
entitled ‘“‘Supplements to Volume I.’ 


Thermodynamics of One-Component Systems- 
William N. Lacey and Bruce H. Sage. New 
York, Academic Press, Inc., 1947. 376 pp., 
diagrs., tables. $8.00. 

Designed to aid the engineering student in 
applying his knowledge to the solution of the 
everyday problems of the engineer, this work is 
limited to a consideration of systems consisting 
of only one molecular species and not involving 
the appearance of new species or the disappear- 
ance of that which was originally present. 
ical changes are not considered, nor are all of 
the possible so-called physical changes discussed. 
Since one of the purposes of the book is to fa- 
miliarize the student with the use of his knowledge 
in terms of engineering units, they are used 
throughout the book in both discussions and 
problems. 

Both of the authors are associated with the 
Chemical Engineering Laboratory, California 
Institute of Technology, Pasadena. 


VIBRATION 


Mechanical Vibrations. Austin H. ee 
New York, John Wiley & Sons, Inc., 1957. 272 
pp.,diagrs.,tables, $6.75 

A mathematical and physical treatment of the 
basic principles of vibration analysis which, at 
the same time, lays the foundation for advanced 
work inthis area. Specific topics covered include 
forced vibrations of multimass systems, harmonic 
analysis, torsional critical speeds, electrical anal- 
ogies, coupling action, and balancing of angle or 
vee engines. 

The author is Professor of Mechanical Engi- 
neering, New York University. 


IAS services. 


bers and nonmembers. 


This method will 


sired, from the Special Publications Dept. 


IAS SCRIP COUPONS 


IAS SCRIP COUPONS may eee be used as payment for preprints, dues, subscriptions, and all other 
save you from writing checks, sending money orders or cash. 
Sheets of 5- and 25-cent coupons are available in book form of $5, $10, $25, or any amount de- 
Scrip may be ordered by foreign and domestic mem- 
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This huge new shock tube—performing basic research and providing 
ballistic missile design data at speeds up to 20,000 feet per second 

is now in operation at the division’s research and development 
laboratories. The 44-foot long tube is used for advanced design work on 
the Polaris solid fuel ballistic missile. Temperatures and 

pressures generated within the tube simulate those encountered by a 


long-range ballistic missile as it plunges from space into the 
A report to earth’s dense blanket of air. 
Engineers and Scientists In addition, Lockheed scientists are now using magnetically 
driven gas shock tubes to produce samples of gas at temperatures over 
from 100,000 degrees centigrade and moving at speeds in excess of 
30,000 feet per second. 
Lockheed Missile Systems The growing importance of missiles’ role in U.S. defense means our 


own varied missile activities will continue to expand. That is 


where expanding why engineers and scientists look to Lockheed Missile Systems for better 


missile programs insure more opportunities to move ahead in their careers. 
ee Openings exist now in our multi-million dollar research and 
promising careers development laboratories near Stanford University and less than an 


hour’s drive from San Francisco. Such positions call for high 

levels of achievement in Gas Dynamics, Structures, Ionic Physics, 
Materials Research, Aerodynamics, Thermodynamics, Solid State 
Electronics, Propulsion, Guidance, Flight Controls. 

Qualified engineers and scientists are invited to address inquiries to 
M.W. Peterson, Research and Development Staff, Palo Alto 46, California 


SYSTEMS 


A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
SUNNYVALE + PALO ALTO « VAN NUYS « SANTA CRUZ ° CALIFORNIA 


NEW SHOCK TUBE TESTS MISSILE DESIGNS FOR POLARIS 


Scientist Wayland Marlow III, 
right, adjusts an interferometer used for optical 
study on shock tube air flow. 

Dr. Daniel Bershader, center, Manager 

Gas Dynamics Department, checks operation 
at the control panel with scientist 

Jerry D. Kennedy 
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Personnel Opportunities 


Wanted 


Assistant or Associate Professor—To teach 
undergraduate courses in aeronautical engineering 
and graduate courses in propulsion, instrumenta- 
tion, or structures. Industrial and teaching ex- 
perience desired. Opportunities available for 
further graduate study, consulting, and research. 
Send résumé of education and experience to 
Chairman, Department of Aeronautical Engineer- 
ing, Wayne State University, Detroit 2, Mich. 

Senior Structures Engineers—With advanced 
degrees and experience; are required for struc- 
tural analysis, structural design, design of high- 
temperature structures, flutter, aeroelastic effects, 
and dynamics. Supervisory positions available. 
For further information write Staff Placement, 
Aeronutronic Systems, Inc., 1234 Air Way, 
Glendale, Calif. 

849. Assistant or Associate Professor— 
Needed September 1, 1958, to teach aeronautical 
courses—aerodynamics, airplane structures, de- 
sign, laboratory. Must have a Master’s degree 
in aeronautical engineering and preferably teach- 
ing and industrial experience. State education, 
experience, references, and salary expected. 

847. Designers—We presently need approxi- 
mately ten high-caliber designers with extensive 
electronic experience (7-10 years). They should 
be adept at packaging, chassis, and printed circuit 
work. They should have the ability to take a 
schematic and from it know how components 
should be placed on the chassis or printed circuit 
board. 


Available 


850. Engineering Management—B.M.E., Age 
39. Sixteen years’ engineering experience in the 
aircraft and allied industries. Last 6 years in 


This section is for the use of individual members of the Institute seeking new connections and eli- 
gible organizations offering employment to Aeronautical specialists. Any member or eligible 
organization may have requirements listed without charge by writing to the Secretary of the Institute. 


The number preceding the notice 
represents the Box Number of the 
Institute of the Aeronautical Sciences 


to which inquiries should be addressed. 


supervisory capacity planning, organizing, and 
directing guided-missile and piloted aircraft 
electromechanical systems development pro- 
grams; 1 year in electromechanical design; 7 
years in flight research; 2 years in stress analysis. 
Current assignment as agsistant section head of 
research, development, and technical proposals 
section for electromechanical subsystem manu- 
facturer. Current salary over $13,000 per 
annum. Desires position with greater manage- 
ment responsibility. Location either coast. 
Résumé furnished on request. 


846. Representative—For the business con- 
cern which requires a competent representative 
for the United States and/or overseas; emphasis 
on sales and sales development for a tangible or 
intangible. Candidate contemplates a change 
and offers these assets: mow in tenth year suc- 
cessfully selling a confidential business service to 
top management. A graduate mechanical and 


aeronautical engineer with 20 years’ engineering 
background in sales, preliminary design, flight 
test, teaching, etc., and patents (aviation gas 
turbines). Member, A.A.F. special mission, 
World War II—aeronautical technical intelli- 
gence. Also, can read, write, and speak German, 
French, Russian, fluently. Extensive travel 
abroad and in United States has made him 
familiar with the idiosyncrasies and ideologies of 
your prospective customers in Europe, Near 
East, and Africa. Effective speaker-lecturer. 
Mature (50), married, excellent health. Prefers 
salary plus commission. Please send an outline 
of your offer and suggested date for personal 
interview. 

845. Teacher-Administrator—B.S. in A.E. 
and M.S. in M.E., 10 years’ experience in teach- 
ing, 10 years in aerodynamic research, experi- 
enced in industrial personnel and management 
training activities, presently engaged in a writing 
project, desires a teaching or teaching-and- 
administrative position in a college or university 
beginning with the fall term 1958. Location in 
the south or southwest desired. Opportunities 
to challenge and advise students are of greater 
importance than academic rank or salary. 


844. Aerodynamics Engineers and Special- 


ists—Three engineers with broad experience in 


gas dynamics, propulsion, and the aerodynamics 
of subsonic, transonic, supersonic, and hypersonic 
flight desire research and development assign- 
ments relating to the performance, air loads, and 
stability and control of aircraft and missiles. 
Combined experience includes many years in 
basic aeronautical research in addition to work 
in the preliminary design and development of 
aircraft and missiles presently in production. 
Currently holding responsible positions in tke 
aeronautical engineering division of a large 
airframe manufacturer, but desire assignments on 
a part-time basis. Los Angeles area preferred. 


reference facilities. 


Engineering Research Libraries. 
New York City and Los Angeles, IAS Libraries 
give you direct access to one of the most compre- 
hensive stores of aeronautical knowledge in the 
world. Reports, periodicals, and books are made 
available through its lending, photocopy, and 


“Aeronautical Engineering Catalog.” 
annual directory to the manufacturers of aircraft 
and missile products is available to [AS Members 
without charge on request. Contains over 35,000 


For information on these and other IAS services, write to: 


INSTITUTE OF THE AERONAUTICAL SCIENCES @ 2 E. 64th St., New York 21, N.Y. 


PUBLICATIONS AND SERVICES available to IAS members 


Located in 


This 


manufacturers listings, product specifications and 
data, and company names and addresses. 


Personnel Opportunities. This contact service 
publicizes your 
throughout all branches of the industry. 
bers may be listed without charge. 
you posted on openings in the industry. 


IAS Roster of Members. This directory of the 
aeronautical engineering profession appears each 
year in the September issue of the AERONAUTICAL 
ENGINEERING REVIEW. Enables you to locate 
your professional associates. 


availability for employment 
Mem- 


Also keeps 
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JAS Preprints 


Preprints of 26th Annual Meeting Papers Currently Available 


Incompressible Two-Dimensional Stagna 
tion-Point Flow of an Electrically Co 
ducting Viscous Fluid in the Presence 
a Magnetic Field—J. L. Neuringer and 

cllroy 

A Simple Method of Matric Structura 
Analysis—Part Ill. Flexible Frame and 
Stiffened Cylindrical Shell Analysis 
Bertram Klein. 

On Vibrations of Conical Shells 
Herrmann and | irsky. 

An Optimum Design for a Semi-Iinfinit 
Rocket Wall Containing a Circumfer 
ential Keyway—B. Shaffer, |. Cochir 
and M. Mantus 

Supersonic Airfoil Performance with Sma 
Heat Addition—Artur Mager. 

Vibrations of Thin Cylindrical She 

nalyzed by Means of Donnell-Tyr 
Equetions—Yi-Yuan Yu. 

Autorotation of Fuselages—Mark H 

larkson. 

Statics and Dynamics of Non-Uniform 

urved Beams and Prismatic Shells—t 
F. Ehrich and J. P. de Vries. 

Transport Airplane Crash Loads—G 
Preston and J. Pesman. 

The Minimum Weight of a Structure Pr 
tected Against Short Duration Acro 
dynamic Heating by Means of Therm 
Insulation—Richard A. Dobbins. 

The Hecker Method of Transient Temper 
ature Calculation—A. W. Trimpi 

Approximate Three-Dimensional Solution 
for Transient Temperature Distribution ir 
Shells of Revolution—M. A. Brull and 

R. Vinson. 

Theoretical Considerations of Flutter at 
High Mach Numbers—H. G. Morger 
H.L. Runyan, and Vera Huckel 

Thermal Stresses and Deflections in Rec- 
tangular Sandwich Plates—P. O 
Bijleard. 

Some Effects of Curvature on Frames—R 
W. Westrup and P. Silver. 

Creep and Static Strengths of Large Bolted 
Joints of Forged Aluminum Alloys 
under Various Temperature Conditions 
—L. Mordfin, G. E. Greene, N. Halsey 
R. H. Harwell, Jr., and R. L. Bloss. 

Aircraft Fatigue—ls Low Strength Ma- 
terial the Answer?—C. R. Smith. 

Test of the C-130A Hercu 
es— 

On Optimum Thin Lifting Surfaces at 
Supersonic Speeds—H. Yoshihara, J 
Kainer, and T. Strand. 

Semi-Empirical Analytical Method of 
Obtaining Aerodynamic Derivatives 
. H. Van Dorn. 

A Comparison of Theoretical and Experi 
mental Loads on e B-47 Resulting 
from Discrete Vertical Gusts—C. E 
Jackson and J. E. Wherry. 

Some Structural Response Characteristics 
of a Large Flexible Swept-Wing Air- 
plane in Rough Air—T. L. Coleman 
H. N. Murrow, and H. Press. 

A Rational Determination of Loads and 
Exit Velocities of Cartridge Ejected 
Stores—H. Wolf and S. Pines 

Some Applications of Theoretical Aero- 
dynamics to the Design of High Per 
formance Aircraft—G. C. Grogen, Jr 

Aeroballistics Range Measurements of the 
Performance and Stability of Supersonic 
Aircraft—H. R. Warren, R. J. Templin 
and B. Cheers. 

The Minimum Wave-Drag Problem for the 
Addition of a Body to a _— Airplane 
Configuration—J. F. Vandre 

Traffic Demand of 1953 

963—A. D. Harvey 
The Jet-Flapped Wing in Two- and Three- 
imensional Flow—W. F. Jacobs and 
J._H. Paterson. 

The Transonic Flow Field of an Axial Com- 
pressor Blade Row—J. E. McCune. 

A Linear Perturbation Method for Sta- 
bility and Flutter Calculations on Hyper- 
sonic Bodies—Maurice Holt. 

The Satellite Tracking Camera—Joseph 


Nunn. 

The Air Force Instrument Development 
Program—Brig. Gen. Marvin C. Demler 

The Environment of Space in Human Flight 
—Major C. A. Berry. 

Supersonic and Hypersonic Human Flight 

apt. J. E. Ward, Dr. S. J. Gerathe- 

wohl, and Lt. Col. G. R. Steinkamp. 
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Cybernetics in Human Flight—G. T. Hauty 
The Development of the Air Route Structure 
= Separation Standards—Lee 
Warren 


The Role of Radar in Air Traffic Control 
1953-1963—J. H. Hilton. 

The Supersonic Blunt-Body Problem 
Review and Extension—M. an 


Dyke 

Chemical Relaxation in Air, Oxygen and 
Nitrogen—M. Camac, J. Camm, S. Feld- 
man, J. Keck, and C. Petty. 

Intelligence Sources for Guidance 
Arthur S. Locke. 

The Development of the Talos Land-Based 

ystem—D. B. Holmes. 

Pitch-Lag Instability of Helicopter Rotors 

ei C ' hou. 

Direct Analog Method of Analysis of the 
Vertical Flight Dynamic Characteristics 
of the Lifting Rotor with Floating Hub 
R. H. MacNeal. 

Pitch-Lag Instability as Encountered During 
Tests of a Model Rotor—John W 


in the Field of VTOL 
Aircraft—A. M. Lippisch 

Naval Applications of VTOL-STOL Ve- 
hicles—H. G. Sheridan 

Solutions for Helicopter Rotor Blade Icing 

Richardson, H. A. Wahl, and 
J. M. Clifford. 

An Analytical Procedure for the Prelim- 
inary Structural and Dynamic Design, and 
Weight Estimation of Helicopter Rotor 
Blades—Abner Rasumoff. 

On the Hydrodynamic Stability of Curved 
gd Compressible Flows—M. Les- 


W "Neal, G. C. Covington, R. 
Bottner and W. is rdy. 

NACA Research in the Field of VTOL 
and STOL Aircraft—C. H. Zimmerman 
The Army-Navy Instrumentation Program— 

Commander George W. Hoover 

On Reducing Aerodynamic Heat Transfer 
Rates by Magnetohydrodynamic Tech- 
niques—R. C. Meyer. 

Examples of Detached Bow Shock Waves 
in Hypersonic Flow—P. R. Garabedian 
and H. M. Lieberstein. 

The Dynamics and Certain Aspects of Con- 
trol of a Body Re-entering the Atmos- 
phere at High , Sasa a Joseph D. Welch 
and S. L. Shih 

Interrelations of Space Medicine with 

ther Fields of Science—Hubertus 
Strughold 
Analysis of the Vertical Flight Dynamic 
haracteristics of the Lifting Rotor with 
Floating Hub and Off-Set Coning 
Hinges—K. H. Hohenemser and C. H 
Perisho 

Development, Flight Test, and Evaluation of 
a Mechanical Stabilizer for Single Rotor 
Helicopters—G. Dausman, F 
Gebhard, and L. Goland. 

Effects of a Time-Varying Test Environment 
on the Evaluation of Dynamic Stability 
with Application to Flutter Testing 
W. H. Reed III. 

The Plastic Balloon as a Geophysical Plat- 
form H. Braun. 


+ Far Side Launching—John L 


ramer 

Industry and Education (Combining 3 of 
the 4 papers presented at session)— 
Charles S. Draper, Richard G. Bowman 
and Glenn Murphy. 

Supersonic Civil Air Transports With Con- 
sideration of Potential VTOL Capa- 
bilities—James A. O'Malley, Jr. 

Preliminary Investigation of a Ducted Fan 
in Lifting Forward Flight—Norman D 
Ham and Herbert H. Moser 

Booster Propulsion For Space Vehicles— 

entin 

The Regulatory Problems of Jet Aircraft— 
Oscar Bakke 

Cosmology—Winston H. Bostick. 

The Distant Warning System —W. E 


Bur 

The Flying Platform as a Research Vehicle 
for Ducted Propellers—Alvin H. Sacks 

The 3 Manned Stratosphere Balloon As- 
cents of 1957—Otto C. Winzen. 

The Role of Manned Balloons in The Ex- 
ploration of Space—Maicolm D. Ross 
and M. Lee Lewis. 
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